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(57) Abstract: The invention relates to synthesis methods for the preparation 
of s latin derivatives, which methods proceed by way of a key intermediate of 
formula I wherein X is halogen, acyloxy, activated hydrocarbyloxy, activated 
hydrocarbylthio or N(CH 3 )OCH3, R. is a hydroxy-protecting group, and Rb is a 
carboxy-protecting group, and, as well as to the compound of formula I, to fur- 
ther intermediates and methods for their preparation by Friedel -Crafts acylation. 
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PROCESS FOR THE PREPARATION OF INTERMEDIATES USEFULL IN THE SYNTHESIS OF STATIN 
DERIVATIVES ESPECIALLY 7 -AMINO 3, 5-DIHYDROXY HEPTANOIC ACID DERIVATIVES , AND 
INTERMEDIATES THEREOF 

Summary of the invention 

The invention relates to novel preparation processes for the preparation of 3,5-dihydroxy- 
heptanoic acid derivatives and to novel intermediates and processes for their preparation. 
The dihydroxyheptanoic acid derivatives and the intermediates are suitable for advantageous 
syntheses of statins. 

Background to the invention 

■ 

Statins are a class of pharmaceuticals that inhibit the enzyme hydroxymethylglutaryl CoA 
reductase (HMG-CoA-R) and are therefore widely used as hypolipidaemic agents and 
agents that lower the level of cholesterol in the blood (hypocholesterollipidaemlc agents). All 
synthetically prepared HMG-CoA-R inhibitors have, as common structural features, an ' 
aromatic base structure and the so-called statin side chain, as symbolised by the following 
formula: 

QH OH 




. {wherein Aryl denotes aromatic, heterocyclic or aromatic-heterocyclic, unsubstituted or 
substituted, mono-, di- or poly-cyclic ring systems). Such a structural unit can be found in a 
whole range of pharmaceutical^ active agents, such as cerivastatin (Bayer AG), fluvastatin 
(Novartis), itavastatin.(NK-104; Kowa Company Ltd.), BM Y 22089 (Bristol-Myers Squibb), 
rosuvastatin (S-4522, AstraZeneca/Shionogi), glenvastin (Hoechst(Aventis) and atorvastatin 
(Warner-Lambert/Gddecke-Parke Davies/Pfizer). 

The aim of the present invention is to provide new efficient methods of syntheslsing some 
known statin derivatives and to provide new intermediate compounds. 

t w 

General description of the invention 

Key steps in the synthesis according to the invention are early introduction of the correct 
absolute stereochemistry at C-3 (R) and subsequent regioselective chain lengthening. 
Unlike the linear synthesis processes in the prior art, the use of the novel statin side chain 
building blocks allows a convergent synthesis. The invention relates also to novel inter- 
mediates. 
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Detailed description of the invention 

The process according to the invention is based on the key intermediate of formula I 

X X^\A 0R 

b (i) 

wherein X is halogen, acyioxy, activated hydrocarbyloxy, activated hydrocarbylthio or 
-N(CH 3 )-OCH 3 , R a is a hydroxy-protecting group and Rb is a carboxy-protecting group, which 
intermediate is either ethenylated, as described below: 

■ 

Starting from the reaction of the key intermediate of formula (I) with an ethylene of formula II 

(II). 

wherein Y a is halogen or hydrogen, there is obtained a keto compound of formula III 




■ ° ■ (in). 

wherein Y a is halogen or hydrogen, Xa is halogen (preferred) or acyioxy, Ra Is hydrogen 
(obtainable after selective removal of a hydroxy-protecting group Ra) or a hydroxy-protecting 
group and Rb is a carboxy-protecting group; the compound of formula III is reacted further in 
one of the following three ways: 

(1 ) A compound of form ula II I wherein Y a is hydrogen and Xa Is halogen (preferred) or 
acyioxy, while Ra and R„ are as defined for compounds of formula III, is reacted with a salt of 
hydra2oic acid to form an azido compound of formula IV 

9 R a 0 




(IV) 

wherein R a is hydrogen or a hydroxy-protecting group and R b is a caiboxy-protecting group. 
The compound of formula IV (when R a is a hydroxy-protecting group, after prior selective 
removal thereof) is then reduced diastereoselectively by means of a suitable reagent to form 
a syn-diol compound of formula V 



WO 03/004450 



PCT/EP02/07307 



-3- 




(V) 

wherein R,' is hydrogen and FV is hydrogen; or, after subsequent introduction of protecting 
groups, R a * and Re' are each independently of the other hydrogen or a protecting group, with 
the proviso that at least one of the two radicals is a protecting group, or Ra' and Re* together 
are a bridging hydroxy-protecting group; and Rb is a carboxy-protecting group; 

and, in a case where the introduction of a bridging hydroxy-protecting group is desirable, 
when Ra'and FV are each hydrogen, the bridging hydroxy-protecting group formed by Ra' 
and R c ' together being introduced using a suitable reagent; 

and the compound of formula V so obtainable is then reduced to the corresponding amino 
compound of formula VI 

OR c ' OR a ' p 




(VI) 

wherein R a ' and R e ' are each independently of the other hydrogen or a hydroxy-protecting 
group or together are a bridging hydroxy-protecting group, and R b is a carboxy-protecting 
group. 

That compound can then be used further directly for the preparation of a statin derivative the 
ary! radical of which is bonded to the side chain via nitrogen, for example for the preparation 
of atorvastatln analogously to the conditions described in WO 89/07598. 

(2) Alternatively, a compound of formula III can be reacted as follows: a compound of 
formula 111 wherein Y a is hydrogen or halogen, iodine or especially chlorine or bromine and 
Xa is halogen (preferred) or acyloxy, while R a and Rb are as defined for compounds of 
formula III, is converted in the presence of a base, with elimination of hydrohalic acid HX, 
into an olefin of formula VII 

9*. 9 



(VII) 
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wherein Y a is hydrogen or halogen, especially iodine or more especially chlorine or bromine, 

* 

Ra is hydrogen or a hydroxy-protecting group and Rb is a cartoxy-protecting group. Such a 
compound is used further as described below under Variant (B), or the corresponding com- 
pound wherein Y a ' is iodine can be obtained by reaction with an iodide salt. 

The compound of formula VII, or the corresponding compound wherein Y 8 ' is iodine, can 
then be converted into the corresponding HMG-CoA-reductase inhibitor, for example by 
Heck coupling with aryl iodides, aryl triflates or aryl bromides that introduce the comple- 
mentary aryl radical for the formula described under "Background to the invention", or,, after 
reduction of the double bond, can be used further. 

Another further use of such a compound is brought about by reaction thereof with an iodide 
salt, the corresponding compound of formula VII wherein Y a is iodine being obtained. The 
compound of formula VII, or the corresponding compound wherein Y H ' is iodine, can then be 
converted into the corresponding HMG-CoA-reductase inhibitor, for example by Heck 
coupling with aryl iodides, aryl triflates or aryl bromides that introduce the complementary 
aryl radical for the formula described under "Background to the invention 0 , or, after reduction 
of the double bond, can be used further. 

For the preparation of other statins, preferably a compound of formula VII as obtained above 
wherein the radicals are as defined for formula VII, preferably wherein Y a ' = hydrogen, is 
then, if necessary, freed of a hydroxy-protecting group Ra and subsequently reduced 
diastereoselectively by means of a suitable reagent to form a syn-diol compound of formula 
Vlll 

♦ 

or; or; o 




(Vlll) 

wherein R a ' is hydrogen and R c ' is hydrogen, or, after subsequent introduction of protecting 
groups, R a and Rc' are each independently of the other hydrogen or a protecting group, with 
the proviso that at least one of the two radicals is a protecting group, or R a ' and R c ' together 
are a bridging hydroxy-protecting group; R b is a carboxy-protecting group, and Y a ' is 
hydrogen or halogen (especially iodine or more especially chlorine or bromine); 
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and, in a case where the introduction of a bridging hydroxy-protecting group is desirable, if 
necessary, when IV and Re 1 are each hydrogen, the bridging hydroxy-protecting group 
formed by FV and R c ' together being introduced using a suitable reagent 

The resulting compound of formula VIII Is then preferably cleaved oxidatively to form an 
aldehyde of formula IX 



OR c ' OR a * 0 



0Rb (IX) 



wherein R a ' and Re' are each independently of the other hydrogen or, preferably, a hydroxy- 
protecting group or together are a bridging hydroxy-protecting group; and R„' is a carboxy- 
protecting group; the compound of formula X can be used directly as synthon for the 
preparation of statin derivatives, especially of itavastatin (see Bull. Chem. Soc. Jpn. 68, 364 
(1995)), BMY 22089 (see J. Med. Chem. §2. 2038 (1989)) or glenvastin (see Tetrahedron 
Lett 3L 2545 (1990)), or it is reacted further with iodoform, diiodomethane or methyl iodide 
to form an iodine compound of formula X 



OR c ' OR a ' o 




0R > (=0 
wherein FU', R b ' and Fy are as defined for compounds of formula IX; if desired, one or more 
or all of the protecting groups can be removed therefrom. That compound can then be 
reacted under Suzuki coupling conditions, which may be modified if necessary, to form 
HMG-CoA-reductase inhibitors. 

* 

(3) As a third alternative (advantageous over reaction method (1 ), because the azide 
group is introduced only later and so the special precautionary measures to be taken when 
using azides are required only later), a compound of formula ill wherein X a is halogen, 
especially iodine or more especially chlorine or bromine, or acytoxy, and Y a is hydrogen, 
(when R a is a hydroxy-protecting group, after removal thereof) R a is hydrogen and Rb is a 
carboxy-protecting group can be converted diastereoselectively by means of a suitable 
reagent into a syn-dioi compound of formula Va 

OR.' OR ' O 
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wherein X a Is halogen, espedally iodine or more especially chlorine or bromine, or acyloxy, 
and R a ' and Re' are as defined for compounds of formula V and R$ is as defined for com- 
pounds of formula III; and the compound of formula Va is then reacted with a salt of 
hydrazoic acid to form a compound of formula V described above wherein R a ' and Re* are 
each hydrogen or, after subsequent introduction of protecting groups, R a ' and R.' are each 
independently of the other hydrogen or a protecting group, with the proviso that at least one 
of the two radicals is a protecting group, or R,' and R e ' together are a bridging hydroxy- 
protecting group; and that compound is then reduced as described above under (1) to form 
an amino compound of formula VI, as defined above, which can then be used further as 
described above. 

The invention relates also to a process for the preparation of the key intermediate of 
formula I as defined above. 

■ 

■ 

For that purpose, a compound of formula XI 

b (XI), 
wherein R a is a hydroxy-protecting group (or, less preferred because the ee is then lower, 
hydrogen) and R b Is a carboxy-protecting group, is converted into the corresponding com- 
pound of formula I using a reagent that introduces the radical X. 

The compound of formula XI is in turn advantageously prepared by hydrolysing a compound 
of formula XII 




(XII), 

wherein R. Is a hydroxy-protecting group (or, less preferred because the ee is then lower, 
hydrogen), R„ is a carboxy-protecting group and R 0 is hydrocarbyl, by means of an enantlo- 
selective catalyst (preferably by hydrolysis using a biocatalyst) with removal of the radical R,, 
the corresponding compound of formula XI being obtained directly. 

The compound of formula XII is advantageously obtained by reacting a glutaric acid 
derivative of formula XIII 
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(XIII). 

wherein R b and Rd are as defined for compounds of formula XII, by introduction of a hydroxy- 
protecting group using the corresponding reagent suitable for the introduction of the 
protecting group. Examples of hydroxy protecting groups are given by T.W. Greene et al. in 
'Protective Groups in Organic Chemistry*, John Wiley, New York, 2 nd edition, 1991 , p 88 ff. 

4 

* ft 

The invention relates also to new individual steps of the processes described above, to new 
combinations of individual steps and to new intermediate compounds. 

Unless indicated to the contrary, the general terms (Including the reactions and reaction 
conditions) used hereinabove and hereinbelow preferably have the following meanings - 
these specific definitions and descriptions of reactions can be used independently of one 
another instead of the general terms mentioned hereinabove and hereinbelow, resulting in 
preferred embodiments of the invention: 

The prefix "-lower" or "lower" indicates that the radical in question contains preferably up to 7 
carbon atoms, especially up to 4 carbon atoms. Lower alkyl is therefore preferably d-C,- 
alkyl, especially C,-C 4 alkyl, and may be unbranched or branched one or more times, Insofar 
as possible. Unsaturated radicals, such as alkenyl or alkynyl, have at least two carbon 
atoms, preferably from 2 to 7, especially from 3 to 7, more especially 3 or 4. 

In the processes mentioned hereinabove and hereinbelow, it is possible at any stage, even 
where not explicitly mentioned, for one or more or all of the protecting groups present in the 
compounds of formulae I to XIX in question to be removed or for one or more or all of the 
functional groups that are not to participate in the reaction, or that would interfere with the 
reaction, to be converted into protected groups by the introduction of suitable protecting 
groups (especially hydroxy-protecting groups and/or carboxy-protecting groups). 

The protection of functional groups by such protecting groups, suitable reagents for their 
introduction, suitable protecting groups and reactions for their removal will be familiar to the 
person skilled in the art Examples of suitable protecting groups can be found in standard 
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works, such as J. F. W. McOmle, "Protective Groups In Organic Chemistry", Plenum Press, 

London and New York 1973, in T. W. Greene and P. G. M. Wuts, "Protective Groups in 

Organic Synthesis", Third edition, Wiley, New York 1999, in The Peptides"; Volume 3 

(editors: E. Gross and J. Meienhofer), Academic Press, London and New York 1981, in 

"Methoden der organischen Chemie", Houben-Weyl, 4 m edition, Vol. 15/1, Georg Thieme 

Verlag, Stuttgart 1974, in H.-D. Jakubke and H. Jescheit, "Aminosauren, Peptide. Proteine", 

Verlag Chemie, Weinheim. Deerfield Beach, and Basel 1982, and/or in Jochen Lehmann, 

"Chemie der Kohlenhydrate: Monosaccharide and Derivate", Georg Thieme Verlag, Stuttgart 
1974. 

Suitable hydroxy-protecting groups are especially selected from those of the acyl or ester 
type, e.g. lower alkanoyl, such asformy!, acetyl or isobutyroyl, benzoylformy!, chloroacetyl, 
dichloroacetyl, trichloroacetyl, trifluoroacetyl, methoxyacetyl, phenoxyacetyl, phenylacetyl, p- 
. phenylacetyl, diphenylacetyl, 2,6-dichloro-4-methylphenoxyacetyl, 2,6-dichloro-4-(1, 1,3,3- 
tetramethylbutyOphenoxyacetyl, 2,4-bis(1 ,1-dimethylpropyOphenoxyacetyl, chlorodiphenyl- 
acetyl, 3-phenylpropionyl, 4-azidobutyroyl, 4-methylthiomethoxybutyroyl, (E)-2-methyl-2- 
butenoyl, 4-nitro-4-methylpentanoyl, 4-pentenoyl, 4-oxopentanoyl, 4,4-(ethylenedithio)- 
pentanoyl, 5-[3-bis(4-methoxyphenyl)hydroxymethylphenoxy)laevulinyl, pivaloyl, crotonoyl, 
monosuccinoyl, benzoyl, p-phenylbenzoyl, 2,4,6-trimethylbenzoyl, 2-(methylthiomethoxy- 
methyI)benzoyl, 2-(chloroacetoxymethy0benzoyl, 2-[(2-chforoacetoxy)ethylJbenzoyl, 2-[(2- 
benzyloxy)ethylIbenzbyl, 2-[2-(4-methoxybenzyloxy)ethyl]benzoyl ) 2-iodobenzoyl, o-(di- 
bromomethyl)benzoyl, o-(methoxycarbonyl)benzoyl, 2-chlorobenzoyi, 4-bromobenzoyl, 4- 
nitrobenzoyl, alkoxycarbo.nyl, such as methoxycarbonyl, ethoxycarbonyl, isobutoxycarbonyl, 
methoxymethylcarbonyl, 9-fluorenylmethoxycarbonyl, 2,2,2-trichloroethoxycarbonyl, 1,1- 
dimethyl-2,2,2-trlchloroethoxycarbonyl,2-(trimethylsilyl)ethoxycarbonyl,2-(phe 
ethoxycarbonyl, 2-(triphenylphosphonio)ethoxycarbonyl, vinyloxycarbonyl, allyloxycarbonyl, 
p-nitrophenoxycarbonyl, benzyloxycarbbnyl, p-methoxybenzyloxycarbonyl, 3,4-dimethoxy- 
benzyloxycarbonyi, o-nitrobenzyloxycarbonyl, p-nitrobenzyloxycarbonyl, dansylethoxy- 
carbonyl, 2-(4-nitropheny0ethoxycarbonyl, 2-(2,4-dinitrophenyl)ethoxycarbonyl, 2-cyano-1- 
phenylethoxycarbonyl, S-benzylthiocarbonyl, 4-ethoxy-1-naphthyloxycarbonyl, 3',5'-di- 
methoxybenzoinyloxycarbonyl,2-methylthiomethoxyethoxycarbonyl, N-phenylcarbamoyl, 
dimethylethylphosphinothioryl,methyldithiocarbonyl; N.N.N'.N'-tetramethylphosphoro- 
diamidoyl, sulfonyl, methanesulfonyl, benzenesulfonyl, toluenesulfonyl, 2-[(4-nitrophenyl)- 
ethyljsulfonyl, allylsulfonyl, 2-formylbenzenesulfonyl, nftroxy, or protecting groups of the 
ether type, such as methyl, substituted methyl, preferably lower alkoxymethyl, especially 
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methoxymethyl (MOM), methylthiomethyl, (phenyldimethylsilyljmethoxymethyl, benzyloxy- 
methyl, p-methoxybenzyloxymethyl, p-nitrobenzyloxymethyl, guaiacolmethyl, tert-butoxy- 
methyl, 4-pentenyloxymethyl, silyloxymethyl, lower alkoxy-lower alkoxymethyl, especially 2- 
methoxyethoxymethyl (MEM), 2,2,2-trichloroethoxymethyl, 2-(trfmethyIsiIyl)-ethoxymethyl or 
menthoxymethyl, tetrahydropyranyl, 3-bromotetrahydropyranyl, tetrahydrothiopyranyl, 4- 
methoxythiopyranyl, 1 -methoxycyctohexyl, 4-methoxytetrahydrothiopyranyl, S,S-dioxy-4- 
methoxytetrahydrothiopyranyl, 1 -[(2-chloro^-methy1)phenyl]-4-methoxypiperidin-4-yl, 1 -(2- 
fluorophenyl)-4-methoxypiperidin-4-yl, 1 ,4-dioxan-2-yl, tetrahydrofuranyl, tetrahydrothio- 
furanyl, 2,3,33,4,5,6,7 ,7aKx:tahydro-7,8,8-trimethyl-4,7-methanobenzofuran-2-yl; substituted 
ethyl, such as 1-ethoxyethyl, 1-(2-chloroethoxy)ethyl, 1-[2-(trimethylsilyl)ethoxy]ethyl, 1- 
methyI-1-methoxyethyl, 1-methyM-benzyloxyethyl, 1-methyl-1-benzyloxy-2-fluoroethyl, 1- 
methyl-1-phenoxyethyl, 2,2,2-trichloroethyl, 1,1-dianisyl-2,2,2-trichloroethyl, 1,1,1,3,3,3- 
hexafluoro-2-phenylisopropyl, 2-trimethylsilylethyl, 2-(benzylthio)ethyl, 2-(phenylselenyl)ethyl, 
tert-butyl; allyi or propargyl, substituted phenyl ethers, such as p-chlorophenyl, p- 
methoxyphenyl, p-nitrophenyl, 2,4-dinitrophenyl or 2,3,5,6-tetrafluoro-4-(trif iuoromethyl)- • 
phenyl, benzyl, substituted benzyl, such as p-methoxybenzyl, 3.4-dimethoxybenzyl, o- ' 
nitrobenzyl, p-nitrobenzyl, p-h'alobenzyl, e.g. p-bromobenzyl. 2,6-dichlorobenzyl, p-cyano- 
benzyl, p-phenylbenzyl, 2,6-difluorobenzyl, p-azidobenzyl, 4-azido-3-chlorobenzyl, 2-tri- 
fluoromethylbenzyl or p-(methylsulfinyl)benzyl, 2- or 4-picolyl, 3-methyl-2-picolyl, 2-quin- 
dlinylmethyl, 1 -pyrenylmethyl, diphenylmethyl, p.p'-dinitrobenzhydryl, 5-dibenzosuberyl, . 
triphenylmethyl, a-naphthyldiphenylmethyl, p-methoxyphenyldlphenylmethyl, di(p-methoxy- 

phenyl)phenylmethyI,tri(p-methoxyphenyi)methyl,4-(4'-brornophenacyloxy)phenyl- 
dlphenylmethyl, 4,4',4"-tris(4,5-dichlorophthalimidopheny0methyl), 4,4',4"-tris(laevulinoyl- 
oxyphenyl)methyl,4,4',4 B -trfe(benzoyloxyphenyl)methyl, 4,4'-dimethoxy-3"-[N-(lmidazolyl- 
methyl)]trityl, 4,4'-dimethoxy-3 ,, -[N-(imidazoly!ethyl)carbamoyl]trityl, 1 ,1 -bis(4-methoxy- " 

phenyl)-1'-pyrenylme%l,4-(17-tetrahydrobenzo[a,c,g,nfluorenylmethyl)<4"-dimethoxytrityl, 
9-anthryl, 9-(9-phenyl)xanthenyl, 9-(9-phenyl-10-oxo)anthryl, 1 ,3-benzodithiolan-2-yl, S.S- 
dioxo-benzoisothiazolyl; of the silyl ether type, such as tri-tower alkylsilyl, e.g. trimethylsilyl, 
triethylsilyl, triisopropylsilyl, dimethylisopropylsilyl, diethylisopropylsilyl, dimethylthexylsilyl, 
tert-butyldimethylsilyl or di-tert-butylmethylsilyl, tert-butyldiphenylsilyl, triphenylsilyl, 
diphenylmethylsilyl, tris(trlmethylsilyl)silyl, (2-hydroxystyryl)dtmethylsilyl, (2-hydroxystyiyl)- 
diisopropylsilyl, tert-butylmethoxyphenylsilyl or tert-butoxydiphenylsilyl. 
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Bridging protecting groups can likewise be used where a molecule contains two hydroxy 
groups (for example bridging hydroxy-protecting groups formed by R* and R, or R a ' and R 0 ' 
together) or a hydroxy-protecting group and a carboxy group (for example bridging protect- 
ing groups formed by R a and R„ or Ra' and in the molecules of the corresponding 
formulae mentioned hereinabove and hereinbeldw in which those radicals are present). 

* * 

A bridging hydroxy-protecting group (especially one formed by FU' and FV) is preferably 
selected from methylene, ethylene. tert-butylmethyRdene, 1 -tert-butyiethylidene, 1-phenyl- 
ethylidene. 1 -(4-methoxyphenyl)ethylidene, 2.2,2-trichloroethylidene, vinylmethylidene, 
cyclopentylidene, cyclohexylidene, cycloheptylidene. benzylidene, p-methoxybenzylidene, 
2,4-dimethoxybenzylidene, 3,4-dimethoxybenzylidene, 2-nitrobenzylidene, 4-nitrobenzyl- 
idene, mesitylene, phenyl-(1 ,2-bis(methylenyl)). methoxymethylene, ethoxymethylene, 
dialkylsilylene, such as tert-butylsilylene, 1,3-(1,1.3,3-tetraisopropyldisiloxanylidene), 1,1,3,3- 
tetra-tert-butoxydisiloxanylidene, -C(=0)-, ethyiboronyl HHgC-CH^B-), phenylboronyl 
(-(phenyl)B-), o-acetamidophenylboronyl or especially isopropylidene. 

Carboxy-protecting groups are especially ester-forming, enzymatically and/or chemically 
removable protecting groups, preferably enz/matically and/or chemically removable 
protecting groups, such as heptyl, 2-N-(morpholino)ethyl, cholinyl, methoxyethoxyethyl or 
methoxyethyl; or those which are primarily chemically removable, e.g. alkyl, such as lower 
alkyl, especially methyl, ethyl, substituted lower alkyl (except for benzyl and substituted 
benzyl), such as substituted methyl, especially 9-fluorenylmethyl, methoxymethyl, methoxy- 
ethoxymethyl, methylthiomethyl, 2-(trimethylsityl)ethoxymethyl, benzyloxymethyl, pivaloyloxy- 
methyl. phenylacetoxymethyl, triisopropylsBylmethyl, 1 ,3-dithianyl-2-methyi, dicyclopropyl- 
methyl, acetonyl, phenacyl, p-brpmophenacyl, a-methylphenacyl, p-methoxyphenacyl, desyl, 
carbamidomethyl, p-azobenzenecarboxamidomethyl, N-phthaiimidomethyl or 4-picolyl, 2- 
substituted ethyl, especially 2-iodo-, 2-bromo- or 2-chloro-ethyl. 2,2,2-trichloroethyl, 2- 
(trimethylsilyl)ethyl, 2-methylthioethyl, 2-(p-nitrophenyIsulfenyl)ethyl, 2-(p-toluenesulfonyi)- 
ethyl, 2-(2'-pyridyl)ethyl, 2-(p-methoxyphenyl)ethyl, 2-(diphenylphosphino)ethyl, 1-methyl-1- 
phenylethyl, 2-(4^cetyl-2-nitrophenyl)ethy| or 2-cyanoethyl. tert-butyl, 3-methyl-3-pentyl. 2,4- 
dimethyi-3-pentyl or o-chloro-lower alkyl, especially 4-chlorobutyl or 5-chloropentyl, 
cyclopentyl, cyclohexyl, lower alkenyl, especially allyl, methailyl, 2-fnethylbut^3-en-2-yl F 3- 
methylbut-2-enyl or 3-buten-1 -yl, substituted lower alkenyl, especially 4-(trimethylsilyl)-2- 
buten-1-yl, dnnamyl or a-methylcinnamyl, lower alkynyl, such as prop-2-ynyl, phenyl, sub- 
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stituted phenyl, especially 2,6-dialkylphenyl, such as 2,6-dimethylphenyl, 2,6-diisopropyl- 
phenyl, 2,6-cfi-tert-butyl-4-methylphenyl, 2,6-di-tert-butyl-4-methoxyphenyl, p-(methylthio)- 
phenyl or pentafluorophenyl, benzyl, substituted benzyl, especially triphenylmethyl, diphenyl- 
methyl, bis(o-nitrophenyl)methyl, 9-anthrylmethyl, 2-(9,10-dioxo)anthrylmethyl, 5-dlbenzo- 
suberyl, 1-pyrenylmethyl, 2-(trifluoromethyl)-6-chromonylmethyl, 2,4,6-trimethylbenzyl, p- 
bromobenzyl, o-nitrobenzyl, p-nitrobenzyl, p-methoxybenzyl, 2,6-dimethoxybenzyl, 4- 
(methylsulfinyl)benzyl, 4-sulfobenzyl, 4-azidomethoxybenzyl, 4-{N-[1-(4,4-dimethyf-2,6-dioxo- 
cyclohexylidene)-3-methylbutyl]amino}benzyl, piperonyl or p-polymer-benzyl, tetrahydro- 
pyranyl, tetrahydrofuranyl, or silyl radicals, such as tri-lower alkylsilyl, especially trimethylsilyl, 
triethylsilyl, tert-butyldimethylsilyl, isopropyldimethylsiiyl or di-tert-butylmethylsilyl, or phenyl- 
di-lower alkylsilyl, such as phenytdlmethylsllyl; alternatively a carboxy group can also be 
protected in the form an oxazolyl, 2-alkyl-1 ,3-oxazolinyl, 4^lkyl-5-oxo-1 ,3-oxazolidinyl or 2,2- 
bistrifluoromethyl-4-alkyl-5-oxo-1 ,3-oxazolidinyl radical. 

Amide-protecting groups are especially allyl, tert-butyl, N-methoxy, N-behzoyloxy, N-methyl- - 
thio, triphenylmethylthio, tert-butyldimethylsilyl, triisopropylsilyl, 4-(methoxymethoxy)phenyl, 
2-methoxy-1-naphthyl, 9-fluorenyl, tert-butoxycarbonyl, N-benzyloxycarbonyl, N-methoxy- or 
N-ethoxy-carbonyl, toluenesulfonyl, N-buten-1-yl, 2-methoxycaitonylvinyl, or especially alkyl, 
such as lower alkyl, or more especially substituted alkyl, especially benzyl, benzyl substituted 
by one or more radicals selected from lower alkoxy, such as methoxy, lower alkanoyloxy, 
such as acetoxy, lower alkylsulfinyl, such as methylsulfinyl, dicyclopropylmethyl, 
methoxymethyl, methylthiomethyl and N-benzoyloxymethyl; or bis(trimethylsilyl)methyi, 
trichloroethoxymethyl, tert-butyldimethylsilyloxymethyl, pivaloyloxymethyl, cyanomethyl, 
benzyl, 4-methoxybenzyl, 2,4-dimethoxybenzyl, 3,4-dimethoxybenzyl, 2-acetoxy-4-methoxy- 
benzyl, o-nitrobenzyl, bis(4-methoxyphenyl)phenylmethyl, bis(4-methylsulfinylphenyl)methyl, 
pyrrolidinomethyl, diethoxymethyl, 1-methoxy-2,2-dimethylpropyl or2-(4-methylsulfonyl)ethyl. 

It is characteristic of protecting groups that they are simple to remove (that is to say without 
undesirable secondary reactions taking place), for example by solvolysis, reduction, photo- 
lysis or alternatively under conditions analogous to physiological conditions, for example 
enzymatically. ' 

The person skilled in the art will know which protecting groups can be used for which 
reactions and compounds of formulae I to XIX. In the case of compounds of formula I that 
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are to be converted into compounds of formula III, it Is advisable to use especially those 
protecting groups which would not also react during the (Friedel-Crafts-ahalogous) reaction, 
that is to say without aryl radicals, such as phenyl radicals. Hydroxy-protecting groups R a 
and R a * are especially those which can be selectively introduced and removed, more 
especially those which are not removed during the conversion of compounds of formula XII. 
Here it is especially advisable to use hydroxy-protecting groups that do not contain too ' 
strongly electronegative substituents, more especially lower alkanoyl, such as acetyl, lower 
alkoxy-lower alkanoyl, such as methoxyacetyl, or protecting groups of the substituted methyl 
type, especially lower alkbxymethyl, more especially methoxymethyl (MOM), or lower alkoxy- 
lower alkoxymethyl, especially 2-methoxyethoxymethyl (MEM). 

Acyloxy in- formula I or III is especially the radical of an organic carboxylic or sulfonic acid 
having from 1 to 24 carbon atoms, unsubstituted or substituted by one or more radicals, 
especially from 1 to 3 radicals, preferably selected from lower alkoxy, halogen, nitro, lower 
alkoxycarbonyl, phenyl, phenyt-lower alkyl, phenyloxy, lower alkanoyloxy, benzoyloxy, di- 
lower alkyl-amino, N-phenyl-lower alkyl-N-lower alkyl-amino, N,N-di(phenyl-lower alkyl)- 
amino, carbamoyl, thiocarbamoyl, sulfamoyl and cyano, and saturated or partially or fully 
unsaturated, and is preferably the radical of an alkanecarboxyJic acid or baloalkane- 
carboxylic acid, especially lower alkanoyl, of an arylcarboxylic acid, especially benzoic acid, 
or halo-lower alkanesulfonyl, such as trifluoromethanesulfonyl; or, in the case of a compound 
of formula I, a radical of formula I' 

(0. 

wherein R a and Rb are as defined for compounds of formula I (the compound of formula I is 
then a symmetric anhydride (obtainable, for example, by reaction of the acid of formula I (OH 
instead of X) in the presence of a lower alkanecarboxylic acid anhydride, such as acetic 
anhydride, in the presence of catalytic amounts of acid)). 

Activated hydrocarbyloxy or hydrocarbylthlo is preferably unsubstituted or substituted lower 
alkyloxy, unsubstituted or substituted aryloxy (preferably having from 6 to 12 ring atoms) or 
unsubstituted or substituted heterocyclyloxy (preferably an unsaturated, fully or partially 
saturated mono- or bi-cyclic ring system having from 4 to 12 ring atoms and up to three 
hetero atoms selected from nitrogen, sulfur and oxygen) and is especially lower alkyloxy 
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substituted m the 1 -position by esterified carbonyl, such as lower aikoxycarbonyl, cyano or 
by phenylcarbonyl, especially lower alkoxycarbonylmethoxy, such as ethoxycarbonyl- 
methoxy, cyanomethoxy or phenacyloxy (Ph-CO-ClVO-), tert-butylthio, N-benzotriazolyloxy. 
N-succinimidyloxy, pyridyloxy or pyridylthio, especially 2-pyridyloxy or more especially 2- 
pyridylthio, or electronegatively substituted aryloxy, such as p-nitrophenyloxy, 2,4-dinitro- 
phenyloxy, pentafluorophenyloxy or 2,4,5-trichlorophenyloxy. 

■ 

The reaction of the key intermediate of formula (I) with an ethylene of formula II is effected 
preferably in the presence of a Lewis acid, such as FeCI 3 , SbCl a , SnCU, BF 3 , TiCU, ZnCI 2 or 
especially aluminium chloride (AICI 3 ), preferably in a suitable solvent, especially a halogena- 
ted hydrocarbon, such as chloroform, methylene chloride or ethylene chloride, at preferred 
temperatures of from -10°C to the reflux temperature, especially from 0 to 30°C. 

« 

Any hydroxy-protecting groups FU can then, if necessary, be removed selectively from the 
compound of formula 111 by customary methods, especially by the methods described in the" 
standard works mentioned above. 

■ * 

* 

"Selectively" means especially enzymatically. In particular, lower alkanoyl, such as acetyl, is 
removed enzymatically, for example by esterases, such as pig's liver esterase, in suitable 
buffers, such as phosphate buffer, at preferred pH values of from 5 to 9, especially from 6 
to 8. Further possible enzymes and reaction conditions will be found below under the 
definition of biocatalysts for the hydrolysis. Lower alkoxymethyl, such as MOM, or lower 
alkoxy-lower alkoxymethyl, such as MEM, is removed by chemical standard methods. 

The reaction of a compound of formula III wherein Y a is hydrogen and Xa is halogen, while 
R a and R b are as defined for compounds of formula III, with a salt of hydrazoic acid to form a 
compound of formula IV, as defined above, or of a compound of formula Va wherein Xa is 
halogen, especially iodine or especially chlorine or bromine, while R a and R b are as defined 
for compounds of formula 111. with a salt of hydrazoic acid to form a compound of formula V, 
as defined above, is preferably carried out with such a salt in the presence of a complex- 

cation, especially with an alkali metal azide, such as sodium or 
potassium azide, in the presence of a crown ether, especially 18-crown-6-ether, in a suitable 
solvent, preferably an aprolic solvent, such as a di-lower alkyl-lower alkanoylamide, e.g. 
dimethylformamide or dimethylacetamide, or a di-lower alkyl sulfoxide, e.g dimethyl 
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sulfoxide, or the like. The reaction can alternatively be carried out under conditions of phase 
transfer catalysis, i.e. in the presence of two-phase systems, such as water/organic solvent 
(such as halogenated hydrocarbons, e.g. methylene chloride, chloroform or dlchloroethane), 
in the presence of lipophilic quaternary ammonium salts, such as hydrogen sulfate or 
chloride, e.g. tetrabutylammonium hydrogen sulfate, Aliquat 336, Adogen 464 (both consist- 
ing primarily of methyltrioctylammonium chloride), preferably tetra-lower alkyfammonium 
bromide or iodide, such as tetrabutylammonium bromide or iodide or the like, the base being 
present in the aqueous phase. 

The diastereoselective reduction of the obtainable azido compound, of formula IV (if 
necessary after removal of the hydroxy-protecting group R,, preferably as described above 
for the removal of the hydroxy-protecting group R a from a compound of formula III) to foim a 
compound of formula V; of a compound of formula III (If necessary after removal of the 
hydroxy-protecting group R a (from a compound of formula III) as described above) to form a 
compound of formula V; in each case as defined above and below, is then preferably earned 
out in a chelate-controlled manner, there being used as chelate-forming agent preferably a 
di-lower alkyl borinic acid lower alkyl ester, especially diethyl borinic acid ethyl ester. The 
reduction of the chelated p-hydroxyketone of formula III is then effected with a complex 
hydride, preferably with an alkali metal borohydride, especially with sodium borohydride. As 
solvent there are preferably used ethers, such as cyclic ethers, especially tetrahydrofuran, 

« 

and/or alcohols, such as lower alkanols, e.g. methanol, the preferred reaction temperatures 
being from -80 to -30°C, especially from -78 to -40°C. 

In addition, preferred is the diasteroselective reduction of compound of formula III, wherein 
X a is halogen, especially chlorine or bromine or more especially chlorine, and Y a is hydrogen, 
R a is hydrogen and R b is a carboxy-protecting group; is reacted with hydrogen in the 
presence of an alkali metal salt or alkaline-earth metal salt and a heterogeneous platinum 
catalyst to form a syn-diol compound of formula Va 

>RJ OR.' 




(Va) 

wherein Xa is halogen, especially chlorine or bromine or more especially chlorine, and R,' 
and Re' are as defined for compounds of formula V and R b is a carboxy-protecting group. 
Preferred salt is an alkaline-earth metal salt, most preferred is a magnesium salt, and 
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especially preferred is magnesium acetate. Customary, this diasteroselctive reduction Is 
carried under pressure between 1 to 1 00 bar at temperatures between 0 to 100°C. Most 
preferably the reduction is carried out using platinum on carbon catalyts together with 
magnesium acetate with hydrogen under a pressure of 6 to 60 bar at temperatures between 
10to60°C. 

In a broader embodiment of the invention it is also preferred to use alternative reducing 
agents, such as sodium cyanoborohydride, but this results in lower diastereoselectivity and it 
therefore less preferred. 

> 

* 

When it is desirable or necessary subsequently to introduce a protecting group Into the 
compound of formula V or Va (FV, Re' or FV and Fy as protecting group, especially FV and 
Re' together as a bridging protecting group), this is carried out under standard conditions, 
preferably as described in the above-mentioned standard works. 

The bridging protecting group formed by FV and Re' together, preferably as indicated above, 
especially the Isopropylidene protecting group, is especially introduced by standara! methods, 
preferably as described in the standard works mentioned above, in the case of the 
isopropylidene protecting group especially by reaction with acetone or, preferably, with a di- 
lower alkoxypropane, such as dimethoxypropane, in the presence of copper(ll) sulfate, zinc 
chloride or . preferably, an acid, such as sulfuric acid or especially an organic sulfonic acid, 
such as an arylsulfonic acid (wherein aryl has especially from 6 to 10 ring atoms, e.g. 
naphthyl or phenyl, and is unsubstituted or mono- or poly-substituted, especially up to tri- 
substituted, especially by lower alkyl, such as methyl), preferably toluenesulfonic acid, or 
with a lower alkyl isopropenyl ether, such as ethyl isoprbpenyl ether, in the presence of an 
arylsulfonic acid. As preferred solvents there are used aprotic solvents, such as ethers, 
especially cyclic ethers, more especially tetrahydrofuran, or carboxyllc acid amides, such as 
di-loweralkyl-loweralkanoylamides, e.g. dimethylformamide. The preferred reaction 
temperatures are in the range of from 0 to 80°C, especially from 20 to 30°C. 

The reduction of the azide of formula V to the amine of formula VI is preferably carried out ' 
with a complex hydride, or with tributyltin; or preferably by catalytic hydrogenation, for 
example with hydrogen and platinium or palladium on activated carbon, preferably in an : 
alcohol, such as methanol or ethanol, at hydrogen pressures of from 0.5 to 20 bar, for 
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example at 10 bar, at temperatures of from 0 to 50°C, especially from 15 to 35°C. 
Alternatively, the reduction can be effected by reaction with a tertiary phosphine and 
subsequent treatment with water (Staudinger reduction). 

The reaction of a compound of formula HI wherein Y a is hydrogen or halogen, especially 
iodine or more especially chlorine or bromine, and X a is halogen, while R a and R b are as 
defined for compounds of formula III, in the presence of a base, with elimination of hydro- 
halic acid HX, to form an olefin of formula VII is preferably carried out in the presence of a 
base selected from a nitrogen base, especially a tertiary amine, such as a tri-lower alkyl- 
amine, e.g. tiiethylamine, pyridine, quinoline, di-lower alkylaniiine, such as dimethylaniline, 
dicyclohexylethylamine, amidines, such as 1,5-diazabicyclo[4.3.0]non-5-ene or 1,8-diaza- 
bicyclo[5.4.0]undec-7-ene f or a different base selected from alkali metal hydroxides, metal 
carbonates or hydrogen carbonates, alkali metal alcoholates in the corresponding alcohol or 
inert solvents, such as dimethyl sulfoxide, e.g. potassium tert-butyl alcoholate, alkali metal 
amides in inert solvents or the like. Where a solvent is used, preferred solvents are ethers, 
such as diethyl ether, di-lower alkyl-lower alkanoylamides, such as dimethyl- or diethyl- 
formamide or -acetamide, or the solvents already mentioned. The preferred reaction 
temperatures are from -20°C to the reflux temperature of the reaction mixture in question, 
preferably from -10 to 30°C. 

The reaction with an iodide salt to form the corresponding compound of formula VII wherein 
Y a l is iodine is then preferably effected with a metal iodide, especially an alkali metal iodide, 
such as sodium iodide, in the presence of a Lewis acid, especially aluminium chloride, in a 
suitable solvent, preferably a ketone, such as acetone, at preferred temperatures in the 
range of from 0 to 50°C, especially from 20 to 30°C. 

■ 

The reduction of a compound of formula VII, if necessary after removal of the hydroxy- 
protecting group Ra by methods described in the standard works, preferably as described for 
the removal of hydroxy-protecting groups Ra from thecompound of formula III, is then 
effected diastereoselectively, under conditions analogous to those described for the 
diastereoselective reduction of compounds of formula IV, to form the corresponding syn-dlol 
compound of formula VIII. 
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If necessary, the protecting groups FV and/or FV or a bridging protecting group formed by 
FV and FV are introduced into that compound under conditions analogous to those 
described for the introduction of protecting groups in a compound of formula V. 

The oxidative cleavage of a compound of formula VIII to form an aldehyde of formula IX is 
then carried out preferably by ozonolysis and subsequent working-up of the primary product 
with a suitable reducing agent, especially triphenylphosphine, dimethylsulfide or zinc/acetic 
acid, there being used as solvent preferably a halogenated hydrocarbon, especially 
methylene chloride, and the prefened temperatures for the reaction with ozone being from 
-80 to -50 6 C, preferably from -78 to -60°C, and for the subsequent working-up from -20 to 
50°C, preferably from 20 to 30°C; or by reaction with Os(VIII), preferably Os0 4 (used as 
such, in catalytic amounts in the presence of stoichiometric amounts of N-methylmorphine- 
N-oxide (NMO) or peroxides, such as hydrogen peroxide, or prepared in situ, for example by 
oxidation of catalytic amounts of I^OsO* with stoichiometric amounts of NMO) or with per- 
manganates, preferably potassium permanganate, the reaction with Os(VIII) or permangan- 
ates preferably being effected in a polar solvent, such as an alcohol, e.g. ethanol, and/or 
water, if desired in the presence of inert salts, such as magnesium sulfate, at preferred 
temperatures of from -20 to 40°C, for example from -10 to 20°C; the oxidative cleavage of 
the intermediate diol (not described) is then carried out with an alkali metal periodate, 
especially Na!0 4 (in a water-containing medium), or with H S I0 6 (In a water-containing or 
anhydrous medium), or less preferably with lead tetraacetate (in an anhydrous medium). 

The reaction of an aldehyde of formula IX with iodoform (CHI 3 ), diiodomethane or methyl 
iodide to form an iodine compound of formula X is carried out especially in the presence of a 
chromium(ll) halide, especially chromium dichloride, under protective gas in a suitable 
solvent, such as an ether, especially tetrahydrofuran, at preferred temperatures of from -10 
to 50"C, especially from -5 to 30°C. 

The reaction for the preparation of a compound of formula XI to form the corresponding 
compound of formula I is preferably effected under customaiy conditions, there being used 
as reagent for introducing a radical X especially an acid anhydride or an acid halide, 
preferably an inorganic acid halide, more especially a phosphorus trlhalide, phosphorus 
pentahalide or thionyl halide, such as phosphoryl chloride, phosphoryl bromide, phosphorus 
trichloride, phosphorus tribromide, phosphorus pentachloride, phosphorus pentabromide, 
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thionyl chloride or thionyl bromide, a symmetric anhydride of a lower alkanesulfonic acid 
halogenated at the a-carbon atom, such as trifluoromethanesulfonic anhydride, or an acid 
chloride or a symmetric anhydride of an organic carboxylic acid, especially an oxalyl halide, 
such as oxalyl chloride or bromide, the reaction being carried out in the absence or prefer- 
ably presence of a (preferably polar) solvent or solvent mixture, especially in a halogenated- 
hydrocarbon, preferably methylene chloride, in the absence or presence of ah acid amide, 
especially a dWower alkyl-lower alkanoic acid amide, such as dimethylformamide, at 
preferred temperatures of from -20°C to the reflux temperature of the reaction mixture in 
question, preferably from -1 0 to 50°C. 

> ■ 

Preference is given to lower alkyl, especially methyl or more especially ethyl, or lower alkoxy- 
lower alkyl, especially methoxym ethyl. 

■ 

The preparation of a compound of formula XI is preferably effected with removal of the 
hydrocarby] radical R<, in the presence of an enantioselective catalyst, especially a 
biocatalyst 

As biocatalysts for the hydrolysis there are suitable cells or ruptured cells with the enzymes 
mentioned below, or especially enzymes as such, preferably esterases, lipases and 
proteases (peptidases or amidases, see U.T. Bornscheuer and R.T. Kazlauskas, in: Hydro- 
lases in Organic Synthesis, Wiley- VCH, 1999, pages 65-195, ISBN 3-527-30104-6). 
Common representatives of those classes of enzyme are especially animal esterases (e.g. 
pig's liver esterase = PLE, pig's pancreas esterase = PPL), esterases from microorganisms 
or fungi (B. subtifis esterase, Pichia esterases, yeast esterases, Rhizopus sp. esterases 
(RML, ROL), Penicillium sp. esterases, Q. candidum (GCL), H. lanuginosa (HLL), Candida . 
sp. (CAL-A, CAL-B, CCL), Aspergillus sp. (ANL), Pseudomonas sp. (PCL, PFL) and the 
like), and also proteases, e.g. subtilisin, thermitase, chymotrypsin, thermolysin, papain, 
aminoacylases, penicillin amidases, trypsin or the like, to name only a few. The person 
skilled in the art will be familiar with further suitable enzymes, and the enzymes that can be 
used are not limited to those mentioned in the above list. Such enzymes can be obtained in 
the form of crude isolates and/or In purified form from natural sources and/or from 
recombinant microorganisms by means of modern cloning procedures via overexpression, 
amplification or the like. Commercially available enzymes are especially preferred. The 
enzymes can be present as such or immobilised or adsorbed on carriers, for example on 
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silica gel, kieselguhr, such as Celrte®, Eupergit® (Rohm & Haas. Darmstadt. Germany) or the 
like, or used in the form of "CLECs" (cross-finked enzymes), such as are available from 
ALTUS BIOLOQICS, the scope for use extending beyond the list given, as the peraon skilled 
in the art will know (see U.T. Bornscheuer and R.T. Kazlauskas, in: Hydrolases in Organic 
Synthesis, Wiley- VCH, 1999, pages 61-64, ISBN 3-527-30104-6; K. Faber In: 
Biotransformation in Organic Chemistry, Springer 1 997, Third Edition, pages 345-357, ISBN 
3-540-61688-8; H.J. Rehm, Q. Reed in: Biotechnology, VCH 1998, Second Edition, pages 
407-41 1). The enzymes can be used in pure organic solvents, e.g. fiquid hydrocarbons, such 
as hexane, toluene or benzene. liquid ethers, such as diethyl ether, methyl tert-butyl ether or 
tetrahydrofuran, liquid halogenated hydrocarbons, such as methylene chloride, water or 
aqueous buffer solutions, in mixtures of those solvents, for example mixtures of one or more 
thereof with water or aqueous buffer solutions. The aqueous solution is preferably buffered, 
pH 5-9, It being possible to use customary buffer systems (see e.g. K. Faber in: 
Biotransformation in Organic Chemistry, Springer 1 997, Third Edition, p. 305; or U.T. 
Bornscheuer and R.T. Kazlauskas, in: Hydrolases in Organic Synthesis, Wiley-VCH, 1999, 
pages 61-65). The pH is preferably kept substantially constant during the reaction. Most 
suitable for this purpose is an automatic titrator having a standardised acid or base solution, 
or manual titration. The reaction temperature is preferably in the range from 10 to 50°C, 
especially from 25 to 40°C. The amount of biocatalyst used and the concentrations of the 
reagents can be dependent upon the substrate and the reaction conditions (temperature, 

* 

solvent etc.) selected in each case, as will be known to the person skilled in the art. There 
are preferably used commercially available enzymes (for example from Fluka, Sigma, Novo 
Nordisk, Amano, Roche and the like) or those listed in the current literature (see e.g. H.-J. 
Rehm, Q. Reed in: Biotechnology, VCH 1998. 2 nd Edition, pages 40-42). Especially 
preferred for the preparation of enantiomerically pure compounds is a-chymotrypsin in 
phosphate buffer, especially at pH 7.0. 

Unless otherwise indicated, halogen is preferably fluorine, chorine, bromine or iodine. 

Wherever solvents are mentioned hereinabove and hereinbelow it is also possible, where 
expedient and possible, for mixtures of two or more of the mentioned solvents to be used. 
The person skilled in the art will know that for certain reactions such solvents or solvent 
mixtures must be used in anhydrous (absolute) form and that, if necessary, also the reaction 
vessels used must have dry surfaces. 
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Where necessary, the said reactions are carried out in the absence of oxygeri, and often 
also in the absence of carbon dioxide and/or atmospheric moisture, for example under 
protective gas, such as argon or nitrogen. 

Where possible, the starting compounds and intermediate compounds can also be used in 
the form of salts, obtained in the form of salts or converted into salts in accordance with 
customary processes, for example in the case of carboxy compounds into the corresponding 
metal salts, such as alkali metal salts, e.g. sodium or potassium salts, or alkaline earth metal 
salts, such as calcium salts, or salts with nitrogen bases, such as ammonium, tri-lower alkyl- 
ammonium, pyridinium salts or the like. Where salt formation is possible, any reference to 
any of the compounds should be understood as also including the corresponding salts. 

In addition to the solvents already mentioned, it is also possible to use other suitable 
solvents, where expedient and possible for the reaction in question. Such solvents can be 
selected, for example, from the following list: water, esters, e.g. lower alkyl-Iower alkanoates, 
such as diethyl acetate, ethers, e.g. aliphatic ethers, such as diethyl ether, or cyclic ethers, 
such as dioxane or tetrahydrofuran, liquid aromatic hydrocarbons, such as benzene or 
toluene, alcohols, such as methanol, ethanol or 1- or 2-propanol, nitriles, such as aceto- 
nitrile, halogenated hydrocarbons, such as dichloromethane, chloroform or ethylene chloride, 
acid amides, such as dimethylformamide, bases, e.g. heterocyclic nitrogen bases, such as 
pyridine, carboxylic acids, such as lower alkanecarboxylic acids, e.g. acetic acid, carboxylic 
acid anhydrides, e.g. lower alkanoic acid anhydrides, e.g. acetic anhydride, cyclic/linear or 
branched hydrocarbons, such as cyclohexane, hexane or isopentane, or mixtures of such 
solvents or other solvents, e.g. aqueous solutions.- Such solvents and solvent mixtures can 
also be used in working-up, e.g. by chromatography or partition. Any mention of solvents or 
eluants hereinabove and hereinbelow should be understood as including also mixtures of 
such solvents or eluants. 

The other compounds, especially of formula II, are known, can be prepared according to 
methods known per se and/or are commercially available. 
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Preferred embodiments of the invention: 

Preferred aspects of the invention can be found in the claims which are incorporated herein 
by reference. 

Hereinabove and hereinbelow, the radicals in compounds of formulae I to XIX have the 
meanings given hereinabove and hereinbelow (especially the specific meanings mentioned 
for certain reaction variants or methods), and the reaction conditions are in each case as 
defined hereinabove or hereinbelow, preferably as the preferred reaction conditions: 

Preference is given to a process for the preparation of statin derivatives which comprises the 
preparation of a compound of formula I, as defined hereinabove and hereinbelow, from a 
compound of formula XI, preferably such a process for the preparation of a compound of 
formula I; the compound of formula XI in turn preferably being prepared from a compound of 
formula XII which, in turn, is preferably prepared from a compound of formula XIII. 

Also preferred is a process for the preparation of statin derivatives, especially of statin 
precursors of formulae VI, IX and/or X, which comprises the reaction of a key intermediate of 
formula I. Compound of formula I reacts with an ethylene of formula II to form a keto 
compound of formula III, which is reacted In accordance with one of methods (1), (2) and (3), 
method (1) comprising reaction to form an azldo compound of formula IV,- which is then 
converted into a syn-diol compound of formula V and then into an amino compound of 
formula VI; or according to method (2) is converted into an olefin of formula VII; or according 
to method (3) is converted into a compound of formula Va, which is then converted into an 
azide of formula V, which is then converted into an amino compound of formula VI; and 
preferably the compound of formula VII obtained according to method (2), unless used 
directly for the preparation of statin derivatives (if desired after conversion into the 
corresponding compound wherein Y a ' is iodine), is reduced to form a syn-diol compound of 
formula VIII, which in turn is then cleaved oxidatively to form an aldehyde of formula IX, 
which, if desired, is then converted into an iodine compound of formula X.. 

Also preferred is a process for the preparation of statin derivatives, especially of compounds 
of formula VI, which comprises the reaction of a compound of formula I with an ethylene of 
formula II to form a compound of formula III, conversion thereof into an azide of formula IV, 
reduction to a compound of formula V and conversion thereof into an amino compound VI; or 
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especially conversion thereof into a syn-diol of formula Va. subsequent conversion thereof 
into a compound of formula V and conversion thereof into an amino compound VI. 

Preference is given also to a process for the preparation of statin derivatives, especially of 
statin precursors of formula VII, preferably'of formula VIII, especially of formula IX, more 
especially of formula X, which comprises the reaction of the key intermediate of formula I 
with an ethylene of formula II to form a keto compound of formula III and reaction thereof to 
form a compound of formula.VII; which is preferably reduced diastereoselectively for the 
preparation of a compound of formula VIII, which is especially cleaved oxidatively for the 
preparation of a compound of formula IX, which is especially converted into an iodine com- 
pound of formula X. 

ft 

Also preferred is a process for the preparation of statin derivatives, especially of statin 
precursors of formula VII, preferably of formula VIII, especially of formula IX, more especially 
of formula X, which comprises the reaction of the key intermediate of formula I with a 
compound of formula III to form a compound of formula VII; which is preferably reduced 
diastereoselectively for the preparation of a compound of formula VIII, which is especially 
cleaved oxidatively for the preparation of a compound of formula IX, which Is especially 
converted into an iodine compound of formula X. 

In all the preferred embodiments, if necessary one or more or all of the protecting groups 
present are removed or one or more or all of the functional groups that are not to participate 
in a reaction, or that would interfere with the reaction, are converted info protected groups by 
the introduction of suitable protecting groups (especially hydroxy-protecting groups and/or 
carboxy-protectlng groups); and, where salt-forming groups are present and the reaction in 
question is not impaired, the compounds of formulae I to XIX may also be in salt form. 

Of the compounds, the invention relates especially to those of formulae I, III, IV, V, VII and 
VIII as such, especially those in which the substituents correspond to the radicals indicated 
in the respective Examples. 

Special preference is given to the compounds 1d, 1e, 2a, 2b, 2c, 2d, 2e, 2f, 3a, 3b. 3d, 3e, 
4a,'4b, 6a, 6b, 6c, 6d, 6e, 6f, and Bb mentioned In the Examples, especially each individual 
compound. 
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The present invention relates especially to the reaction steps and new intermediate 
compounds mentioned in the following Examples. 

Examples 

The following Examples serve to illustrate the invention but do not limit the scope thereof. 
Abbreviations used: 



Ce,ite Celite®, filtration aid based on kieselguhr, trade mark of Celite Corp., 

USA 

* 

TLC thin-layer chromatography 

DMF dimethylformamide 

e q- equivalent 

h hour(s). 

HOnig's base N-ethyldiisopropylamine 

min minute(s) 

- NMR nuclear magnetic resonance spectroscopy 

PLE pig's liver esterase 

m.p. melting point (°C) 

THF tetrahydrofuran 

torr . unit of pressure {mm mercury column); 1 torr corresponds to 

0.1333 kPa " 



Unless otherwise indicated, the ratios of the components of ejuant mixtures, solvent mixtures 
and the like are given in parts by volume (v/v). 
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Reaction scheme I for Examples 1 to 4: 



RO 



IXJL 



OR 



HN 



Q OH O 



0 OA O 



OR 



OR 




B 



ee 98 - .99 % 



HO 



a: A = C(0)CH 3 

b: A b C(0)CH 2 OCHg 

c: A = CH 2 OCH 3 

d: A s CH 2 OCH 2 CH 2 OCH. 



R = CH,CH 



'3 



Example 1 : 

a) Precursor of formula Ba wherein R = elhvl. A = aceM (diethvl-3.acetoxvahjtaric ariril- 
54.0 g of diethyl-3-hydroxyglutaric acid (Fluka, Buchs, Switzerland) are dissolved at room 
temperature in 26.5 ml of pyridine and 27.4 ml of acetic anhydride and the mixture is stirred 
for about 12 h until ail the starting material has reacted. The mixture is diluted with ethyl 
acetate and washed in succession with water, 1N hydrochloric acid, saturated sodium 
hydrogen carbonate solution and saturated sodium chloride solution. The organic phase.is 
separated and dried over magnesium sulfate. After evaporation of the organic solvent, 
64.3 g of NMR-spectroscopically pure acetate, the title compound, remain: 1 H-NMR (CDCfe): 
1 .24 (t, 6H); 2.01 (s, 3H); 2.69 (d, 4H); 4.14 (q, 4H); 5.50 (quin., 1 H). 



llutaric 



b) Compound of formula Ca wherein R = ethvl. A = acetyl fmonoethyl.3| 
acid): 

160 g of diethyl-3-acetoxyglutaric acid Ba are suspended at room temperature In 570 ml of 
distilled water, and 168 ml of 0.1 M phosphate buffer (pH 7) are added. After the addition of 
2.7 g of ct-chymotrypsin (Sigma, Sigma Chemie, Buchs, Switzerland), the mixture is stirred 
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vigorously and maintained at pH 7.8 using a pH meter and pH stat (Metrohm) and 0.5N 
sodium hydroxide solution. When the theoretical amount of hydroxide solution (1 .3 litres) 
has been consumed, the mixture is extracted with ethyl acetate. The aqueous phase is 
adjusted to pH 1 with concentrated hydrochloric acid (cone. HCI) and then extracted with 
ethyl acetate. Any cloudiness of the organic phase can be removed by filtration over Celite. 
After evaporation of the organic phase, 131 g (97 %) of semi-ester Ca remain: 'H-NMR 
(CDCI 3 ): 1 .25 (t, 3H); 2.03 (s. 3H); 2.71 (d, 2H); 2.77 (d, 2H); 4.14 (q, 2H); 5.50 (quin., 1H). 



lonoacid Ca by means of the amide 



c) Determ ination of the enantiomeric excess (ea) of 
Da ffi = ethvl. A = acetyl): 

150 mg of the monoacid Ca are reacted in accordance with the customary methods of 
peptide coupling with 341 mg of (benzotria2ol-1-yloxy)-tris(dimethylamino)phosphonium 
hexafluorophosphate, 246 mg of Hunig's base and 93 ul of R^phenylethylamine (Fluka, 
Buchs, Switzerland) in 1 .5 ml of DMF at room temperature. After customary extraction, 
188 mg of amide Da are obtained. NMR spectroscopy indicates a diastereoieomeric ratio of 
99:1 on the basis of the shift difference between the two diastereoisomeric acetates and 
accordingly a ratio of R to S of 99:1 . HPLC analysis (column: Chiracel OJ 25 cm x 0.46 cm 
(Daicel Chemical Industries, Ltd., JP), n-hexane:ethanol = 95:5, flow rate 1 .2 ml/min, 
UV detection at 21.0 nm) confirms the ratio of R to S as 98.8 : 1.2. 1 H-NMR (CDCI 3 ): 1.15 (t, 
3H); 1 .35 (d, 3H); 1 .85 and 1 .87 (2 x s, total 3H, ratio as 99:1); 2.47 (m, 2H); 2.55 (dd, 1 H); 
2.65 (d, 1H); 4.01 (broad q, 1H); 5.00 (quint., 1H); 5.38 (m, 1H); 6.51 (broad d, NH); 7.20 (m 
5H). 



= methoxvacetvi fcliethvl-3-methoxy- 



Example 2: 

a) Precursor of formula Bb wherein R = atl 
acetoxvolutaric acid): 

50.0 g of diethyl-3-hydroxyglutaric acid (Fluka, Buchs, Switzerland) are dissolved at 0°C in 
80 ml of dichloromethane; 20.6 ml of pyridine and 22.9 ml of methoxyacetyl chloride are 
added and the mixture is stirred at room temperature for about 1 2 h until all the starting 
material has reacted. The mixture is washed In succession with water, 1N hydrochloric acid, 
saturated sodium hydrogen carbonate solution and saturated sodium chloride solution. The 
organic phase is separated and dried over magnesium sulfate. After evaporation of the 
organic solvent, a dark-yellow syrup is obtained which is filtered over a small amount of silica 
gel using hexane/ethyl acetate (2:1). After evaporation of the solvent, 65.0 g of NMR- 
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spectroscopically pure methoxyacetate Bb are obtained: 'H-NMR (CDCI 3 ): 1 .20 (t, 3H); 2.65 
(d. 4H); 3.35 (s, 3H); 3.90 (s, 2H); 4.04 (q, 4H); 5.55 (quia, 1H). 

b) Compound of form ula Cb wherein R = ethvl. A = methoxyacetvl fmonoethvl-3/m- 
methoxvaca toxvalutarlc arid)- 

40.0 g of diethyl-3-methoxyacetoxyglutaric acid Bb are suspended at room temperature in 
150 ml of distilled water, and 43 ml of 0.1 M phosphate buffer (pH 7) are added. After the 
addition of 0.4 g of a-chymotrypsin (Sigma; Sigma Chemie, Buchs, Switzerland), the mixture 
is stirred vigorously and maintained at pH 7.8 using a pH meter and pH stat (Metrohm) and 
0.5N sodium hydroxide solution. After 18 h, a further 0.1 g of chymotrypsin is added and 
stirring is continued until the theoretical amount of hydroxide solution has been consumed. 
The mixture is then extracted with ethyl acetate (4 x). The aqueous phase is adjusted to 
pH 1 with concentrated hydrochloric acid (cone. HCI) and then extracted with ethyl acetate. 
Any cloudiness of the organic phase can be removed by filtration over Celite. After 
evaporation of the organic phase, 24.8 g of semi-ester Cb remain: 1 H-NMR (CDCIa): 1 .24 (t, 
3H); 2.74 (d, 2H); 2.75 (d, 2H); 3.42 (s, 3H); 3.99 (s, 2H); 4.14 (q, 2H); 5.59 (quln., 1H). 

Alternatively, immobilised chymotrypsin can also advantageously be used. It can be 
supported on silica gel (Sigma S0507, 230-400 mesh, average pore diameter 0.6 nm; Sigma 
Chemie, Buchs, Switzerland) by customary methods without loss of activity, easily removed 
and then used repeatedly. 

c) Determination of the enantiomeric e xcess fee) nf the monoacid Cb bv means nf 
benzamide Db (R = ethyl. A = methoxvacetyt): 

200 mg of the monoacid Cb are reacted by customary methods of peptide coupling with 
392 mg of (benzotria2ol-1-yloxy)-tris(dimetiiylamino)phosphonium hexafiuorophosphate, 
290 pi of HQnig's base and 88 pi of benzylamine (Fluka, Buchs, Switzerland) in 2.0 ml of 
DMF at room temperature. After customary extraction, 178 mg of amide Db are obtained. 
HPLC analysis (Chiracel OD 25 cm x 0.46 cm (Daicel Chemical Industries, Ltd., JP), rv 
hexane:ethanol = 9:1, flow rate 1 ml/min, UV detection at 210 nm) yields a ratio of R to S of 
98.6 : 1.4. 'H-NMR (CDCI 3 ): 1.22 (t, I = 7.0, 3H); 2.62 (d, I = 6.5, 2H); 2.75 (dd, I = 15.8, 5.3, 
2H); 3.35 (s, 3H); 3.91 (s, 2H); 4.10 (q, I = 7.0. 2H); 4.38 (d. I = 5.9, 2H); 5.56-5.65 (m, 1H); 
6.31 (t, br, NH); 7.21-7.33 (m, 5H). 
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d) Purification of the compound Cb wherein R - flthvl. A ~ methoxvacetvl /monnattn 
methoxvacetoxvalutaric and)- 

500 g of monoacid Cb are dissolved in 2 litres of tert-butyl methyl ether and heated to 
boiling. 400 ml (1 eq.) of dicyclohexylamine dissolved in 2 litres of tert-butyl methyl ether are 
added dropwise in the course of 1 0 min, followed by 4 litres of n-hexane. If crystallisation 
does not start spontaneously, seeding is carried out, followed by cooling to 5 - 10°C. The 
resulting crystals are filtered off with suction and dried in vacuo at 70°C. Yield: 694 g, 80 % 
white crystals, m.p. = 11 1«C. 3 g of the resulting salt are dissolved in 20 ml of water, NaCi is 
added to the solution and 1 eq. of 3N hydrochloric acid is added. The precipitated dicyclo- 
hexylamine hydrochloride is filtered off with suction and the clear filtrate is extracted 
repeatedly with tert-butyl methyl ether. After drying and removal of the solvent, 1 .6 g, 92 %, 
of monoacid Cb are obtained; ee £ 99.5 %, determined by way of the benzamide 
analogously to c). ' 

■ 

.Example 3: 

a) Precursor of formula Be wherein R = eth y l. A = mathnvymethvl /diathyl-3-methoxv- 
methoxvalut aric acid): 

97.2 g of diethyl-3-hydroxyglutaric acid A (Fluka) are dissolved at 0°C together with 210 ml 
of formaldehyde dimethylacetal in 350 ml of dichloromethane, and 61.3 g of phosphorus 
pentoxide are added in portions. The mixture is stirred vigorously overnight, the temperature 
of the mixture rising to room temperature. When conversion is complete (TLC monitoring), 
the mixture is decanted off. diluted with methylene chloride and washed in succession with 
2.x saturated sodium hydrogen carbonate solution and saturated sodium chloride solution. 
The organic phase is separated and dried over magnesium sulfate. After evaporation of the 
solvent, a colourless fluid is obtained which is distilled at 98 -101°C/0.17 ton. 104.8. g (89 %) 
of a colourless fluid, the title compound, are obtained: 1 H-NMR (CDCIa): 1.15 (t, 3H); 2.53 
(m, 4H); 3.24 (s, 3H); 4.05 (q, 4H); 4.30 (quin., 1H); 4.58 (s, 2H). 

♦ 

b) Compound of formula Cc wherein R = athy i. a = methoxvmethvl fmonnafhy l-af R)- 
methoxvmethoxvolutarir nririy 

980 mg of diethyl-3-methoxymethoxyglutaric acid Be are suspended at room temperature in 
16 ml of distilled water, and 16 ml of 0.1 M phosphate buffer (pH 7) are added. After the 
addition of 0.5 g of chymotrypsin, the mixture is stirred vigorously and maintained at pH 7.8 
using a pH meter and pH stat (Metrohm) and 0.5N sodium hydrogen carbonate solution. 
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When the theoretical amount of carbonate solution has been consumed, the mixture is 
extracted with ethyl acetate. The aqueous phase is adjusted to pH 3 - 3.5 with 0.5N hydro- 
chloric acid and then extracted with ethyl acetate. Any cloudiness of the organic phase can 
be removed by filtration over Celite. After washing of the organic phase with saturated 
sodium chloride solution and evaporation of the organic phase, 0.67 g (77 %) of spectro- 
scopically clean monoacid, the title compound, remain: ^-NMR (CDCI 3 ): 1 .24 (t, 3H); 2.69 
(m, 4H); 3.34 (s, 3H); 4.1 3 (q, 2H); 4.38 (quin., 1 H); 4.68 (s, 2H). 

c) Determination of the enantiomeric exces s tee) of the monoacid Cc hy means of tha amirte 
with benzvlamine: 

■ 

400 mg of tine monoacid are reacted by customary methods for peptide coupling with 
760 mg of (benzotriazolyl-1-yloxy)-tris(dimethylamino)phosphonium hexafluorophosphate, 
215 pi of Hunig's base and 0.70 ml of benzylamine (Fluka) In 2.0 ml of DMF at from 0°C to 
room temperature. After customary extraction, 567 mg of amide are obtained. HPLC 
analysis (Chiralcel OD, 25 x 0.46 cm, n-hexane:ethanol = 98:2, 1 ml/min) confirms a ratio of 
R to S of more than 982. 1 H-NMR (CDCI 3 ): 1.19 (t, 3H), 2.48 (dd, 2H); 2.56 (dd, 1 H); 3.24 
(s, 2H); 4.06 (broad q, 1H); 4.34 (m. 3H); 4.59 (m, 2H); 7.00 (broad s, NH); 7.20 (m, 5H). 

Example 4: 

a) Precursor of formula Bd wherein R = et h yl. A = 2-mBfhoxvethoxvm6thvl (diethvi-3-/2- 
methoxvBt hvD-oxvmethoxvqlutaricaciri): 

At 0°C, 1 1.23 g of diethyl-3-hydroxyglutaric acid A (Fluka) are introduced together with 
1 1 .8 ml of diisopropylethylamine into 40 ml of dichioromethane, and 8.6 g of 2-methoxy- 
ethoxymethyl chloride (Fluka) are added. The mixture is stirred vigorously overnight, the 
temperature of the mixture rising to room temperature. The mixture is diluted with methylene 
chloride and washed in succession with 2 x 1 N hydrochloric acid. 2 x saturated sodium 
hydrogen carbonate solution and saturated sodium chloride solution. The organic phase is 
separated and dried over magnesium sulfate. After evaporation of the solvent, a colourless 
liquid is obtained, 15.9 g (99 %), the title compound. 1 H-NMR (CDCI 3 ): 1.20 (t, 3H); 2.59 (m. 
4H); 3.32 (s, 3H); 3.49 (m, 2H); 3.63 (m, 2H); 4.09 (q. 4H); 4.36 (quin., 1H); 4.73 (s, 2H). 
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b) Compo und of formula Cd wherein R = ethvl. A = 2-methoxvethyl (monoethvt-3fFfl-(2- 
methoxvethvlVoxvmethoxvQlutaric add): 

2 g of diethyl^{2-methoxyethyl)-oxymethoxygfutaric acid Bd are suspended at room 
temperature in 30 ml of distilled water, and 3.3 ml of 0.1 M phosphate buffer (pH 7) are 
added After the addition of 0.1 g of chymotrypsin, the mixture is stirred vigorously and 
maintained at pH 7.8 using a pH meter and pH stat (Metrohm) and 0.5N sodium hydroxide 
solution. When the theoretical amount of hydroxide solution has been consumed, the mixture 
is extracted with ethyl acetate. The aqueous phase is adjusted to pH 3 - 3.5 with 0.5N 
hydrochloric acid and then extracted with ethyl acetate. Any cloudiness of the organic phase 
can be removed by filtration over Celite. After washing of the organic phase with saturated 

p - ■ m 

sodium chloride solution and evaporation of the organic phase, 1 .44 g (79 %) of 
spectroscopically clean monoacid, the title compound, remain: 1 H-NMR (CDCI 3 ): 1 .25 (t, 3H); 
2.02 (s, 3H); 2.67 (m, 4H); 3.38 (s, 3H); 3.55 (m, 2H); 3.69 (m, 2H); 4.12 (q, 4H); 4.41 (quin., 
1 H); 4.79 (q. 2H). 

c) Determination of the enantiomeri c excess fee) of the monoacid Cc by means of the amide 
Dc (IR a eth vl. Ac = 2-methoxvethoxvmethyn: 

380 mg of the monoacid Cd are reacted in accordance with customary methods for peptide 
coupling with 682 mg of (benzotriazolyM-yloxy)-tris(dimethylamino)phosphonium hexa- 
fluorophosphate, 493 jj of Hunig's base and 185 fil of R-phenylethylamine (Ruka) in 3.0 ml 
of DMF at from 0°C to room temperature. After customary extraction, 403 mg of amide are 
obtained. NMR-spectroscopy indicates a diastereolsomeric ratio of greater than 95:5 on the 
basis of the shift difference between the two methoxy groups in the diastereoisomers. HPLC 
analysis (Chiralcel OD, 25 x 0.46 cm, n-hexane:ethanol = 95:5, 1 ml/min) confirms the ratio 
of R to S as 98:2. 1 H-NMR (CDQU): 1.22 (t, 3H), 1.45 (d. 3H); 2.48 (m, 2H); 2.62 (m, 2H); 
3.30 (s, ca. 5%); 3.38 (s, 95 %); 3.50 (m, 4H); 4.12 (1, 1H); 4.34 (quint., 1H); 4.79 (q, 2H); 
5.1 1 (quint., 1 H); 6.54 (broad d, NH), 7.34 (m, 5H). 

> 

■ 

Reaction scheme II for Examples 5, 6 and 7 (the radicals being as defined in the 
Examples): 
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Example 5: Glutaric acid semihalides of formula 1 

a) Monoethy) ester of ORWcetoxv-aluta ric acid chlnrlrle ia (R = ethvl. X = CI. R' = acatvh: 
30.0 g of (3R)-acetoxyglutaric acid monoethyl ester (Ca) are dissolved in 60 ml of dry 
dichloromethane to which 20 drops of dry DMF have been added, and at 0 - 5°C the solution 
is slowly treated with 21 .9 g of oxalyl chloride. The mixture Is then stirred for about 30 min. at 
0°C and then for a further 1 .5 h at room temperature until the evolution of gas can no longer 
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be observed. After evaporation of the solvent, 32.6 g of NMR-spectroscopically pure acid 
chloride 1a remain. (Colourless product can be obtained after molecular distillation). 'H-NMR 
(CDCIg): 1.25 (t, 3H); 2.04 (s, 3H); 2.66 (dd, 1H); 2.70 (dd, 1H); 3.30 (dd, 1H); 3.34 (dd, 1H); 
4.16 (q, 2H); 5.47 (m, 1H). 

b) Monoethvl ester of Q Rl-acetoxvalutaric acid bromide 1b fR = ethyl. X a Br. R' = acetvlV. 
5.0 g of (3R)-acetoxyglutaric acid monoethyl ester (Ca) are dissolved in 18 ml of dry 
dichloromethane to which a drop of dry DMF has been added, and at 0 - 5°C the solution is 
slowly treated with 6.7 g of oxalyl bromide. The mixture is then stirred for about 30 min. at 
0°C and then for a further 2 h at room temperature until theevolution of gas can no longer 
be observed. After evaporation of the solvent, 6.6 g (98 %) of spectroscopically pure acid 
bromide 1b remain: 1 H-NMR (CDCI 3 ): 1.21 (t, 3H); 2.00 <s, 3H); 2.62 (dd, 1H); 3.39 (dd, 1H); 
3.42 (dd f 1 H); 4.1 1 (q, 2H); 5.41 (m, 1 H). 

4 

c) Monoethvl ester of faRVmethoxvac etoxvatutaric acid chloride 1c ffl = ethvl. X = CI. R' = 
methoxvacetvn: - 

21.0 g of monoethy[-3(R)-methoxyacetoxyglutaric acid Cb are dissolved in 100 m[ of dry 
dichloromethane to which 40 \*i of dry DMF has been added, and at 0 - 5°C the solution is 
slowly treated with 1 3.9 g of oxalyl chloride. The mixture is then stirred for about 4 h, the 
temperature of the mixture rising to room temperature. The mixture is then diluted with ethyl 
acetate and extracted 3 x with ice-water, and the organic phase is dried over sodium sulfate. 
After evaporation of the solvent, 20.9 g of NMR-spectroscopicaliy pure acid chloride 1c 
remain: 1 H-NMR (CDCI 3 ): 1.20 (t, 3H); 2.04 (s, 3H); 2.67 (m, 2H); 3.32 (m, 2H); 3.36 (s, 3H); 
3.95 (s, 2H); 4.09 (q, 2H); 5.52 (m, 1H). 

»» 

,d) Monoethvl ester of ttRVmethoxvm ethoxvalutaric acid chloride Id ffl = ethyl. X = CL R' = 
methoxvmathvl): 

0.40 g of the monoacid Cc is dissolved in 2 ml of dry dichloromethane to which 3 drops of 
dry DMF are added, and at 0 - 5°C the solution is slowly treated with 0.1 8 ml of oxalyl 
chloride until the evolution of gas can no longer be observed. After evaporation of the 
solvent, 0.43 g of acid chloride Id remains: 1 H-NMR (CDCI 3 ): 1.25 (t, 3H); 2.67 (m, 4H); 3.69 
(S, 3H); 4.13 (q, 2H); 5.53 (q, 1H); 5.54 (s, 2H). 
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* 

e) Monoe thvl ester of (3RH2-methoxvethvH-oxvmethoxvqlutaric acid chloride |§ fR = ethyl. 
X = CI. R' - 2-methoxvethvloxvnriethvn: 

0.53 g of the monoacld Cd is dissolved in 2 ml of dry dichloromethane to which 2 drops of 
dry DMF have been added, and at 0 - 5°C the solution is slowly treated with 0.21 ml of oxalyl 
chloride until the evolution of gas can no longer be observed. After evaporation of the 
solvent, 0.54 g of acid chloride 1e remains: 'H-NMR (CDCI 3 ): 1 .21 (t, 3H); 2.55 (m, 1H); 2.65 
(m, 1H); 3.24 (m, 2H); 3.34 (s, 3H); 3.50 (m, 2H); 3.65 (m, 2H); 4.10 (q, 2H); 4.38 (quint., 
1H);4.74(m,2H). 

♦ » 

Example 6: Preparation of the compounds 5 and the associated intermediates 2. 3 and 4 . 
and of com pounds 6: and also of compounds 7,8. 9 and 10: 

(0 (b) 3( RVAcetoxv-7-chloro-5-oxo-heptanoic acid ethyl ester 2a fR = ethvl. FT = acetyl. X = 
CI, Y = H): 10.0 g of acid chloride 1a are dissolved at room temperature in 25 ml of dry 
ethylene chloride and added dropwlse in the course of 15 min to 16.5 g of aluminium 
trichloride in 50 ml of ethylene chloride, a slight rise in temperature being observed. Dry 
ethylene gas is passed through the resulting suspension, the temperature rising to about 
40°C and the suspension being largely dissolved. When the absorption of gas has ceased, 
the mixture is poured into ice-cold saturated sodium chloride solution, and the organic phase 
is separated and washed a further 2 x with saturated sodium chloride solution. The resulting 
oil is decolorised in ether over activated carbon. 1 1.1 g of chloride 2a are obtained: 1 H-NMR 
(CDCI 3 ): 1.17 (t, 3H); 1.93 (s, 3H); 2.59 (m, 2H); 2.79 (m, 2H); 2.85 (dt, 2H); 3.65 (t, 2H); 
4.04 (broad q, 2H); 5.43 (m, 1 H). 

fli) (Conversion accordin g to (b)) 3(R^7-Chloro-3-hvdroxv-5-oxo-heDtanoic acid ethvl ester 
2b (R = ethvl. R' = H. y = CI. Y = H): 0.40 g of the acetylated chlorine compound 2a is 
dissolved in 2 ml of ethanol and 10 ml of potassium dihydrogen phosphate buffer (0.05M, 
,pH 7), and 0.01 g of esterase (PLE) (Boehringer Mannheim) is added. The pH is maintained 
at a constant value using pH stat and 0.5M sodium hydroxide solution and the reaction is 
extracted with ethyl acetate when the theoretical amount of base has been consumed. After 
removal of the solvent, the residue is purified by chromatography on silica gel. 0.30 g of 
deacetylated chlorine compound 2b is obtained: 1 H-NMR (CDCI 3 ): 1.22 (t, 3H); 2.49 (m, 2H); 
2.65 (m, 2H); 2.91 (m, 2H); 3.70 (t, 2H); 4.13 (q, 2H); 4.46 (m, 1 H). 
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r»ii) (b) 3f R)-AcetoxY- 7.7-dichlQro-5-ox(>-heptanoic add ethvl ester 2c (R a ethvl. R' = acetyl 1 
X = g t Y = CI): 10.0 g of acid chloride 1a are dissolved in 12 ml of dry ethylene chloride and 
at 0°C added dropwise in the course of 15 min to 1 10 ml of ethylene chloride. 18.6 g of 
aluminium chloride are added to the resulting solution, a slight increase in temperature being 
recorded. Vinyl chloride is passed through the initially clear solution, with vigorous stirring. 
After about 30 min, a suspension is obtained. When the absorption of gas has ceased, about 
90 min, the mixture is poured into ice-cold saturated sodium chloride solution and then 
extracted with methylene chloride. The organic phase is separated off and washed in 
succession twice with saturated sodium chloride solution and saturated sodium hydrogen 
carbonate solution. After drying over sodium sulfate, a deep-brown oil is obtained which is 
filtered over Celite and activated carbon using ethyl acetate. In order to separate polymeric 
material, fractional filtration is carried out over a short column of silica gel. 11.5 g of chloride 
2c are obtained: 1 H-NMR (CDCI 3 ): 1.24 (t, 3H); 2.00 (s, 3H); 2.65 (d, 2H); 2.86 (d, 2H); 3.38 
(d, 2H); 4,11 (q, 2H); 5.48 (m, 1H); 6.08 (t, 1H). 

♦ 

■ 

(iv) (b) 3(R)-Methoxvmethoxv-7-chloro.5 -oxo-h6otannic acid ethvl ester 2d (R = ethvl. R' ■ 
methoxymethvl, X = CI, Y = H): The compound is prepared under conditions analogous to 
those described for Example 6 (i), starting from Id. 



(v) (b) 3fRVf2-Methoxvet hvh-oxvmethoxv-7-chloro-fi^)xo-heDtanoic acid ethvl ester 2e f R 
ethyl. R 1 = 2-methoxvethvl-o xvmethvl. X = Gl. y = H) r The compound is prepared under 
conditions analogous to those described for Example 6 (i), starting from 1 e. 

(vi) (c*) 3(R)-Acetoxv-7-chloro-5-oxo-hen t -6-enoic aniri ethvl ester 6a fR = ethvl. R' = acety l , 
Y_=£hj_i 1 .4 g of chloroketone 2c are dissolved at 0°C in 100 ml of diy, diethyl ether, and 
5.28 ml of triethylamine are added. When the reaction has ceased (about 4 h), the mixture is 
extracted in succession with saturated sodium chloride solution, 1N hydrochloric acid (2 x), 
sodium hydrogen carbonate solution and saturated sodium chloride solution. The organic 
phase is dried over magnesium sulfate and evaporated off. 7.1 g (71 %) of cc,p-unsaturated 
ketone 6a are obtained in the form of a dark-red oil. The material is pure enough for further 
reactions. The ketone can be chromatographed on silica gel. 6a: 1 H-NMR (CDCI 3 ): 1 .20 (t, 
3H); 1.96 (s, 3H); 2.63 (m, 2H); 2.90 (m, 2H); 4.08 (q, 2H); 5.46 (m, 1H); 6.49 (d, 1H, 

1 5.0 Hz); 7.32 (d, 1 H, 1 5.0 Hz). 
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(vfi) (Conversion according to (c*)) 3<RlAc etoxv-7-iodo-5.oxo-hent-6-flrmjc add ethvl este r 
6b (R = ethvl. Ff = acBtyl. Y = I)- The chlorine compound 6a, 7.1 g, is dissolved at room 
temperature in 50 ml of dry acetone, and 8.1 g of sodium iodide are added. A clear red 
solution is formed, to which 0.36 g of aluminium chloride is added. A precipitate is formed 
momentarily. The mixture is stirred for about a further 6 h, then diluted with ether and 
extracted in succession with saturated sodium chloride solution and water. After drying over 
sodium sulfate and removal of the solvent, 9.4 g of the iodine compound 6b are obtained, 
which is further used immediately. It can, however, also be further purified by chromato- 
graphy over silica gel. 6b: 'H-NMR (CDCI 3 ): 1.22 (t, 3H); 1.96 (s, 3H); 2.64 (m, 2H); 2.90 (m, 
2H); 4.10 (q, 2H); 5.47 (m, 1H); 7.12 (d, 1H, 15.0 Hz); 7.88 (d, 1H, 15.0 Hz). 

fviii) (C) 3fR)-Acetoxv-5-oxoheDt-6-en oic acid ethvl ester 6cm = ethvl. R' = acetyl. Y = HV 
1 .0 g of chloroketone 2a is dissolved at room temperature in 10 ml of dry diethyl ether, and 
0.55 ml of triethylamine is added. When the reaction is complete, the mixture is poured into 
ice-cold 1 N hydrochloric acid, and the organic phase is separated and extracted in 
succession with saturated sodium hydrogen carbonate solution and saturated sodium 
chloride solution. The organic phase is dried over magnesium sulfate and evaporated. 
0.62 g (71 %) of ccp-unsaturated ketone 6c is obtained after chromatographic purification 
over silica gel: 1 H-NMR (CDCI 3 ): 1.17 (t, 3H); 1.92 (s, 3H); 2.60 (m. 2H); 2.92 (m, 2H); 4.06 
(broad q, 2H); 5.43 (m, 1H); 5.84 (dd, 1 H); 6.21 (m, 2H). 

[ix) (c*) 3(R)-Methoxymethoxv-5 <)xohept-6-8noic acid ethvl ester 6d (R = ethyl T R' = 

methoxymethyl, Y=H); The compound is prepared starting from 2d analogously to 

Example 6 (viii). 

■ . 

jx) (c*) 3fR)-(2-Methoxvethv»-oxvmeth oxv-5-nxohfi P t-6-enoic acid ethvl ester fie t R = ethvl, 
p' = 2-methoxvethvl-oxvmethvl. Y = The compound is prepared starting from 2e 
analogously to Example 6 (viii). 



(xi) (c) 3(R)-Acetoxv-7-azido-5-oxo-hepta noic acid ethyl ester 3a (R 5 ethvl. R' = aratyiv 
2.5 g of chloroketone 2a are dissolved in 5 ml of dimethylformamide, and 0.68 g of sodium 
azide and 0.03 g of 1 8-crown-6-ether are added, The mixture is stirred at room temperature 
until the reaction is complete, then diluted with ethyl acetate and extracted in succession with 
water and saturated sodium chloride solution. After evaporation of the solvent, 2.1 g of azide 
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3a are obtained: 1 H-NMR (CDCIa): 1.23 (t, 3H); 1 .98 (s, 3H); 2.63 (dd, 2H); 2.68 (ddd, 2H); 
2.83 (dd, 2H); 3.52 (t, 2H); 4.10 (q, 2H); 5.49 (m, 1H). [od] = -23.4° (c = 1 , CHCy. 

fxii) (Conversion ac cording to IcS) 3(RV7-A2ido-3-hydroxv-5-oxo-heptanoic acid ethyl ester 
3b (R = ethyl, R'-H): 0.47 g of azido compound 3a is dissolved in 10 ml of phosphate buffer 
(0.05M, pH 7) which contains 2.0 ml of ethanol, and 0.01 g of Chirazyme E1 (PLE, Roche) is 
added. Using a pH stat and a titrator (0.5M NaOH), the pH is maintained at 7 and the 
reaction is extracted with ethyl acetate when the theoretical amount of sodium hydroxide 
solution has been consumed. The organic phase is then extracted by shaking with saturated 
sodium chloride solution and dried over magnesium sulfate. After removal of the solvent and 
subsequent column chromatography over silica gel, 0.34 g of deacylated product 3b is 
obtained: 1 H-NMR (CFCI 3 ): 1.32 (t, 3H); 2.57 (m, 2H); 2.79 (m, 4H); 2.83 (dd, 2H); 3.61 (t, 
2H); 4.22 (q ( 2H); 4.54 (m, 1 H). 

(xiii) (c) 3f RVMethoxvmet hoxv^azido-5-oxo-heDtanolc acid ethvl ester 3d {R = ethvl. R' = 
methoxymethylJi The compound is prepared starting from 2d analogously to Example 6 (xi). 

■ * 

fxivUc) 3fR)-f2-Methox yethvlVoxvmethoxV'7-azido-5-oxo-heDtanoic add ethvl ester 3e (R = 
ethvl, R' = 2~methoxveth vl-oxvmethvfl: The compound is prepared starting from 2e 
analogously to Example 6 (xi). 



fxv) (d) (3R.5R)-7-Azido-3.5-dihvdroxv-heDtanoic acid ethvl ester 4a (R = ethvl. R 1 and R" 
each = H): 0.28 g of the ketoazide 3b Is dissolved in 2 ml of dry THF. A mixture of 2.5 ml of 
dry methanol and 9.5 ml of dry THF is introduced into a reaction vessel under an argon 
atmosphere at room temperature, and 1 A ml of trlethylborane are added. The mixture is 
stirred for 1 h at room temperature and then cooled to -65°C. The starting material is then 
added dropwise to the resulting solution within a period of 30 min. At -65°C, a total of 
0.054 g of sodium borohydride is then added in portions and stirring is continued for a further 
1 h at -65°C. The reaction mixture is brought to room temperature, diluted with ethyl acetate 
and extracted, with 5 % ammonium chloride solution. The organic phase is separated and 
dried over magnesium sulfate. After removal of the solvent, the residue is evaporated a 
further 5 x with 40 ml of methanol and purified by chromatography over silica gel. 0.20 g of 
oily diol 4a is obtained: 1 H-NMR (0 2 O): 1.25 (t, 3H); 1.56 (m ( 2H); 1.68 (m, 2H); 2.46 (d, 2H); 
3.34 (m, 2H); 3.97 (m, 1H); 4.14 (q, 2H); 4.25 (m, 1H). 
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tm (Conversion according to fcfl) f3R.5RW7-A a do-3.5-/2'.g l -i R o P r ODV |id fi n fi -dinxv)heDtanoi c 
acid ethyl ester 4b (R = ethvl. R'. R" = together isoprom/liriftnft) - o.50 g of the compound 4a 
is dissolved In 1 ml of absolute THF, and at room temperature 0.25 g of dimethoxypropane 
and 0.01 g of toluenesulfonic acid are added. After 2.5 h, the reaction mixture is diluted with 
ethyl acetate and extracted in succession with saturated sodium chloride solution, saturated 
sodium hydrogen carbonate solution and saturated sodium chloride solution. After removal 
of the solvent, 0.50 g of product 4b is obtained: 1 H-NMR (CDCI3): 1.19 ft, 1H); 1.25 (t, 3H); 
1.36 (s, 3H); 1 .45 (s, 3H); 1 .58 (dt, 1 H); 1 .70 (m, 2H); 2.32 (m, 2H); 2.51 (m, 2H); 3.38 (m, 
2H); 4.00 (m, 1 H); 4.14 (dq, 2H); 4.31 (m, 1 H). 

■ i 

(xyii) (Conversion according to <e\) (3R.5R^7-A m ino-3.5-f2' g'.i ft oDr OP vffd B n e di^heDtanoic 
>cid ethyl ester 5a (R = ethvl. R'. R" = together isnp rnpyiiHrn^y 10 g of the compound 4b 
are dissolved in 80 ml of ethanol; 500 mg of 5% palladium on carbon are added and the 
mixture is hydrogenated in an autoclave at 1 0 bar hydrogen pressure and temperatures of 
from 20 to 30°C. After about 1 h, the catalyst is filtered off and the mother liquor is 
concentrated in vacuo. 8.4 g of a brownish-green oil, the title compound, are obtained: 'H- 
NMR (CDCI3): 1.26 (t. 3H); 1.35 (s, 3H); 1.44 (s, 3H); 1.55 (m, 2H); 1.69 (m, 2H); 2.36 (dd, 
1H); 2.51 (dd, 1H); 2.90 (t, 2H); 3.86 (br s, NH); 4.00 (dddd, 1H); 4.13 <q, 2H); 4.29 (dddd, 
1H). 



(xviii) (Conversion according to (c*tt 3fRV H vdroxv-B-nyn-heDt-6-enoic acid ethvl ester 6f 
(R = ethyl, R' = H, Y = H): 11.6 g of crude acetylated olefin 6c are dissolved in 55 ml of 
ethanol and 200 ml of potassium dihydrogen phosphate buffer (0.05M, pH 7), and 0.05 g of 
esterase (PLE; Boehringer Mannheim) Is added. The pH is maintained at a constant value 
using a pH stat and 0.5M sodium hydroxide solution and the reaction is purified by 
chromatography with silica gel after the theoretical amount of base has been consumed. 
3.1 g of deacetylated olefin 6f are obtained: 'H-NMR (CDCI 3 ): 1 .22 (t, 3HJ; 2.50 (d, 2H); 2.79 
(m, 2H); 2.61 (m, 2H); 4.13 (q, 2H); 4.47 (m, 1H); 5.85 (dd, 1H); 6.25 (m, 2H). 

- 

fxix) .. (c') (3R,5R)-Dihvdroxv-heDt-6-e n oic acid eftwl ester 7a (R = ethvl. R' = H. R" = H. 
Y = H) 

■ 

Z60 g of the ketoolefin 6d are dissolved in 20 ml of dry THF. A mixture of 25 ml of dry 
methanol and 80 ml of dry THF is introduced into a reaction vessel under an argon 
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atmosphere at room temperature, and 14.00 ml of triethylborane are added. The reaction 
mixture is stirred at room temperature for 1 h and then cooled to -65°C. The starting 
material is added dropwise to the resulting solution within a period of 30 min. At -65°C, a 
total of 0.58 g of sodium borohydride is then added in portions and stirring is continued for a 
further 1 h at -65°C. The reaction mixture is brought to room temperature, diluted with ethyl 
acetate and extracted with 5% ammonium chloride solution. The organic phase is separated 
and dried over magnesium sulfate. After-removal of the solvent, the residue is evaporated a 
further 5 x with 40 ml of methanol and purified by chromatography over silica gel. 1 .80 g of 
oily diol 7a are obtained: 1 H-NMR <CDCI 3 ): 1.21 (t, 3H), 1.61 (m, 2H); 2.44 (m, 2H); 3.60 (d 
broad, OH); 3.92 (d broad, OH); 4.10 (q, 2H); 4.23 (m, 1H); 4.33 (m, 1H); 5.03 (dt, 1H); 5.19 
(dt,1H);5.79(ddd,2H). 

(xx) (c'l (3R.5SV3.5-(2 , . 2'-lsopropylldenedioxv)-heDt-6-enoic acid ethyl ester 7b (R = tert- 
frut yl, R 1 and R" = isopropylidene. Y = HI : The compound is prepared in accordance with one 
of the processes described hereinabove and hereinbelow. 

fxxi) (d 1 ) f3R.5R^3.5-f 2 , ,2'-lsopropylidenedioxv)-6>oxo-hexanoic acid tert-butvl ester 8a (R = 
tert-butvl, R' and R" = iso propylidene}: 500 mg of compound 7b (R = tert-butyl, R' and R" = 
isopropylidene, Y = H) are dissolved in 30 ml of methylene chloride and cooled to -78°C. 
Ozone is passed through the solution until the solution becomes pale blue. Flushing with 
oxygen is carried out for 5 min before a solution of 500 mg of triphenylphosphine in 5 ml of 
methylene chloride is added. • The mixture is stirred at room temperature for 1 h and then 
concentrated by evaporation. The product is purified by means of flash chromatography, 
yielding 500 mg (99%) of the aldehyde 8a in the form of colourless crystals: 1 H-NMR 
(CDCIa): 1:24-1.41 (m 5 1H); 1.41 (s, 2H); 1.45 (s, 3H); 1.76-1.82 (m, 1H); 2.31 (dd t J = 15.1, 
6.3, 1H); 2.42 (dd, J = 15.1, 7.0, 1H); 4.25-4.34 (m, 2H); 9.45 (s, 1H). 

» 

(xxii) (e 1 ) OR.SSVT-lod ^.S^'.g^isopropvlidenedioxv^-hept-e-enoic acid tert-butvl ester 9a 
(R = tert-butvl, R' and R" s isoproovtidenel: In a 100 ml two-necked flask, 2.83 g of dry CrCI 2 
are suspended under argon in 36 ml of absolute THF and cooled to 0°C. A solution of 
compound 8a (990 mg) and 2.26 g of iodoform (CHI 3 ) in 18 ml of THF is added dropwise to 
the resulting suspension. The mixture is stirred for 16 h at room temperature and then 
poured into 70 ml of water and extracted with ether. The combined organic phases are 
washed with saturated sodium chloride solution and dried over sodium sulfate. After 
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purification by column chromatography, 470 mg (32 %) of the vinyl iodide 9a are obtained in 
the form of a yellow oil. The compound consists of 70 % E- and 30 % Z-isomer. 1 H-NMR 
(CDCI 3 ): 1 .21-1 .39 (m, 1H); 1.40 (s, ca. 3H); 1.44 (s, 6.3H); 1 .45 (s, ca. 3H); 1.46 (s, 2.7H); 
1.53 (s, 0.3H); 1.56-1.78 (m, 1H); 2.29 (dd, J = 15.4, 6.3, 0.7H); 2.32 (dd. J = 15.0, 6.2,. 
0.3H); 2.44 (dd, J = 15.3, 7.1. 1H); 4.21-4.38 (m, ca. 2H); 6.23 (dd, J = 7.3, 7.3, 0.3H, Z); 
6.34 (dd, J = 7.9, 0.9. 0.3H, Z); 6.30 (dd, J = 14.7, 0.9, 0.7H, E); 6.52 (dd, J = 14.7, 5.6, 
0/7H, E). 

■ 

(xxili) (b) 3(R)-7-Chloro-3-methoxvacet o xv-5-oxo-heptanoic acid ethyl ester 2f /R = ethvl. R' 
= methoxyacetyl, X = CI, Y = H): 108.3 g of acid chloride 1c are dissolved in 60 ml of dry 
ethylene chloride and at 0°C added dropwise in the course of 1 h to 156.0 g of aluminium 
trichloride In 500 ml of dry ethylene chloride, a slight rise in. temperature being observed. 
Dry ethylene gas is passed through the clear solution, the temperature rising to about 4 - 
10°C. When the absorption of gas has ceased, the mixture is poured into ice-cold saturated 
sodium chloride solution and extracted with ethyl acetate. The organic phase is washed 
twice more with saturated sodium chloride solution and dried over magnesium sulfate. 
112.5 g of 2f are obtained in the form of an orange-yellow oil: 'H-NMR (CDCk): 1.25 (t, 3H); 
2.70 (m, 2H); 2.90 (m. 2H); 3.41 (s, 3H); 3.72 (t, 2H); 3.97 (s, 2H); 4. 1 3 (q, 2H); 5.62 (m, 
1H). 



fxxiv) (b) 3(R)-7-Chloro-3-hvdroxv-S- oxo-hep tanf>i c acid ethyl ester 2b (R = ethvl. R' = 
CI, Y= H) (alternative synthesis): 20 g of crude 3(R)-7-chloro-3-methoxyacetoxy-5-oxo- 
heptanoic acid ethyl ester 2f are dissolved analogously to the acetyl derivative 2a (see 
Example 6 (ii)) in 400 ml of water; 1 ml of technical grade PLE (Roche) is added and the pH 
is maintained at 7 using a pH stat and 0.5N sodium hydrogen carbonate solution. When the 
theoretical amount of base has been consumed, the reaction mixture is washed repeatedly 
with hexane, and the product is then extracted from the aqueous phase with ethyl acetate, 
and the ethyl acetate phase is then washed with sodium chloride solution. After removal of 
the solvent, 9.4 g of the chlorine compound 2b remain behind in the form of a colourless 
liquid having spectroscopic data identical to those above. 

(xxv) fc") (3R.5R)-7-Chloro-3.5-dlhy rl r ny v.heDtanQic acid ethvl est^r 10a (R = ethy f , R 1 = H, 
R" = H.X = CI , Y = H): 38 ml (1M solution in THF) of triethylborane are introduced into 75 ml 
of dry tetrahydrofuran and 55 ml of dry methanol under an argon atmosphere at room temp- 
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erature. The reaction mixture is stirred for 1 h at room temperature and then cooled to 
-65°C. 7.77 g of 2b, dissolved in THF, are then added dropwise to the resulting solution In 
the course of 30 min. At-65°C, a total of 1.45 g of sodium borohydride are then added in 
portions and stirring is continued for a further 1 h at -65°C. The reaction mixture is 
cautiously treated with IN hydrochloric acid at -65°C and brought to room temperature, 
diluted with ethyl acetate and extracted with saturated sodium chloride solution. The organic 
phase is separated off and dried over magnesium sulfate. After removal of the solvent, the 
residue is taken up in 120 ml of THF and at 0°C cautiously oxidised with 12 ml of 35% 
hydrogen peroxide solution. The reaction mixture is diluted with ethyl acetate and extracted 
with saturated sodium chloride solution, and the organic phase is dried over magnesium 
sulfate. After filtration and removal of the solvent, an oil remains behind which is advan- 
tageously stirred with methanol in silica gel. 7.0 g of oily diol 1.0 are obtained after filtration 
and evaporation of the solvent 'H-NMR (CD 3 OD): 1.25 (1.3H); 1.65 (m, 2H); 1.89 (m. 2H); 
2.48 (d, 2H); 3.64 (m, 2H); 3.95 (m, 1H); 4.14 (q, 2H); 4.20 (m, 1H). This material is used' 
directly in the next step. 

An alternative method for the diasteroselective reduction of 2b to 1 0 is the heterogeneous 
reduction of 2b with hydrogen in the presence of magnesium acetate with platinium on 
carbon. 



[xxyj) fc") (3R,5R).7-Chlorc-3.5-f2'.2'-i S nnrnpvl iden e di Q y V ^-h ftp tanoic acid ethyl ester 10b ffl 
= ethyl, R' and R" together = isoDroDvlidBim = H. X = CI. Y = H) - 6.5 g of diol 10a are 

« 

dissolved in 12.3 ml of dimethoxypropane, and 0.3 g of toluenesulfonic acid is added. After 
4.5 h at about 40°C, the reaction mixture is diluted with ethyl acetate and extracted In 
succession with saturated sodium chloride solution, saturated sodium hydrogen carbonate 
solution and saturated sodium chloride solution. After removal of the solvent, 5.3 g of 10b 
are obtained: 'H-NMR (CDCfe): 1.18 (t, 1H), 1.23 (t, 3H); 1.34 (s, 3H); 1.44 (s, 3H); 1.57 (dt, 
1H); 1.85 (m, 2H); 2.43 (m, 2H); 3.59 (m, 2H); 4.11 (m, 3H); 4.30 (m,. 1H). 

(xxvti) (d") f3R.5R>-7-A2ldo-3.5-f2'.2 , -iso pr o P viidenR-riinvy)heDtanoic acid ethy l ratar Ah (R ^ 
~"-vl,, R', R" = together isopropyllden e) {alternative method): 4.5 g of chloride 10b are 
dissolved in 8 ml of dimethyiformamide, and 1.20 g of sodium azide are added. The mixture 
is stirred at 55°C until the reaction Is complete, then diluted with ethyl acetate and extracted 
in succession with water and saturated sodium chloride solution. After evaporation of the 
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solvent, 4.3 g of azide are obtained. The NMR data correspond to those indicated above 
for 4b. 

■ 

Example 8: Further use of compound 5 from Reaction scheme 11: 

For the preparation of atorvastatin, a compound 5 is reacted with a compound of formula 17 




analogously to the conditions described in WO 89/07598 for the reaction between that 
compound and a compound of formula HsN-CHsCHa-CHfOR^XORn), wherein R 10 and R u 
are alkyl having up to 8 carbon atoms or together are 1,2-(1-methyl)ethylidene r 1,2-ethyl- 

« 

idene or 1 ,3-propylidene. Subsequent removal of protecting groups and, if necessary, 
opening of the lactone ring yields atorvastatin. 

Example 9: Preparation of cerivastatin using the aldehyde 8: 

For the preparation of cerivastatin, a compound 8 is reacted with a compound of formula 18 

» 

F 




analogously to the conditions described in WO 00/49014 for the reaction between 
Ar-CH 2 P(=0)(Ph) 2 (Ar = unsubstituted or substituted heterocyclyf or unsubstituted or 
substituted aryl, such as phenyl, etc.; Ph phenyl) and the compound 8. Subsequent removal 
of protecting groups and opening of the lactone ring yields cerivastatin. 



i 
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Example 1 0: Suzuki coupling with compounds of formula VIII: 

A oompound 9 can be combined with the complementary aryl radicals by OC linking under 
the conditions of a modified Suzuki coupling and thus, for example, after additional 
protecting group removal, itavastatin can be prepared. 



